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By reason of their low rate of flame propagation, large 
volumes of fuel gases such as Propane, Pyrogas, etc., can be 
safely mixed with Oxygen without the danger of the flame 
back-firing. The larger the volume of gases mixed, the 
greater the flame and the resulting heat value. The new 
B.I.G. PROPANE Heating Torch uses this principle with 
truly remarkable results. 

Where large volumes of heat are required this portable unit 
with its terrific heat has unlimited applications in every 
Engineering Industry. 


British Industrial Gases Limited 


700, GT. CAMBRIDGE RD, ENFIELD, MIDDX. Telephone: ENField 4022, Telex: 24128 
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Sales and Technical Assistance available in most areas 
NRP 9023 
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ROCKWELD LTD., COMMERCE WAY, CROYDON, SURREY. TEL: CROYDON 7161 (5 lines) 
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The use of low pressure CO> gas as an inert shield in 
the welding of steels is increasing. CO is not only 
cheap — it enables high quality welds to be made in 
the shortest time. 

Where automatic welding machines have been specially 
modified to use this technique, the simplicity, ease of 


slag removal and high speed of welding have been 


found most impressive. On one differential housing, 
for example, welding time has been reduced from 105 


to 23 seconds. 


WELDING 


The Carbon Dioxide Department of the D.C.L., with 
30 years’ experience of supplying CO) to industry, 
installs and maintains all necessary storage and gas 
supply equipment for CO arc welding. 

Single 28 Ib. cylinders are supplied for experimental 
purposes. For continuous operation multi-cylinder 
racks are available discharging into a manifold. A 
typical transportable rack gives a continuous supply 
of gas at each of 4 points with individually controlled 
flows up to 6 Ibs/hr. CO is also available in solid 
form for use with ‘Cardice’ Converters. 


j 


guiries for further information should be addressed to Bulk liquid can be pumped direct from the Company’s 
THE DISTILLERS COMPANY LIMITED road tankers into customers’ static tanks (of capacity 
1} or 6 tons) without interrupting the flow of CO 


: to the operators. 
Devonshire House, Piccadilly W.1 


Telephone : Mayfair 8867 
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WHAT IS 


Fog appearing on X-ray emulsion is what it implies— 


a veil caused by several factors, chief among them being :— 


BASIC FOG 
A combination of the blue dye in the base and the initial silver fog—these are 


reduced to the minimum in the Gevaert laboratories. 


CHEMICAL FOG 


Some X-ray emulsions possess an affinity for staining and dichroic fog—again 


the Gevaert laboratories have reduced this hazard to its minimum. 


AGE FOG 


Normal storage in ideal conditions, chemical change in the silver halides, cosmic 

rays, all produce an increase in fog, with age. The excellent keeping properties of 

Gevaert X-ray film allow us to specify an expiry date on the carton which is one year 

from the date of manufacture. Does this statement inspire your confidence? If so, write to us, 


when a visit from our technical staff can be arranged. 


FOG CONTROL@~=—a vital factor in X-ray film 


[1909-1959 \ GEVAERT LIMITED 


Great West Road, Brentford, Middlesex 


50 YEARS IN THE Islez orth 2131 
UNITED KINGDOM 7 
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THE SIGH OF 
6000 WELDING 


Hand welding a heavy flange. 


From the quantity welding of small 
components to the fabrication of large plant, 
| % elded by Robert Jenkins & Co. Limited have the 
craftsmen, equipment, and capacity to 
undertake any welding operation. 


Fabrications in mild steel, stainless steel, 
| clad steel and aluminium are part of the day to 
| day work produced for the chemical, 


electrical, petroleum, and nuclear power 


industries. 


O F ROT E R H AM 


Welded fabrications and fusion-welded 
pressure vessels to the requirements of Lloyds 
Class 1, A.S.M.E., A.O.T.C. codes 


and similar specifications. 


ROBERT JENKINS &€ CO. LIMITED ROTHERHAM 


Telephone: 4201-6 (6 lines 
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WORLD’S MOST POWERFUL 
COBALT 60 
RADIOGRAPHIC UNIT 


NEWTON VICTOR COBALT 60 INDUSTRIAL EQUIPMENT 


being set up for radiographic inspection of 4 in. welded plates which will 
later be shipped to Latina, Italy, for the new reactor vessel under construction 
by Whessoe Limited, Darlington, England. 


This high intensity cobalt container for non-destructive testing is almost 
certainly the world’s most powerful industrial radiographic unit. It 
embodies the results of years of experience in related medical equipment of 
Newton Victor manufacture. 

Safe operation, ease of adjustment and robust construction are all provided 
by a unit which incorporates a source of 2,000 curies for the radiographic 
examination of welded seams in steel plate up to 6 in thick. Needing only 
small electric currents for control, and independent of water supplies it is 


suitable for work on open constructional sites in remote areas. 


SEND THIS COUPON for further details 

To: Newton Victor Ltd., x-ray department of Metropolitan- 
London, W.C.2, England. 

NAME 


ADDRESS 


for non-destructive testing of 
steel plate 3 in. to 6 in. thick 


Check these important points: 


POWERFUL The unit provides the equivalent of 
3 million volt x-ray testing for 3 in to 6 in steel, with 
comparable sensitivity and economical exposure 
times. 


SAFE Fully loaded provides ample protection— 
0.3 milli-roentgens per hour at 1 metre. Source 
housed in lead and tungsten alloy protective con- 
tainer is easily and safely moved from ‘ protected ’ 
to exposure position by use of the compact control 
unit. 

ACCURATE Beam of radiation 6 in or 12 in wide by 
5 ft long (15 or 30 cm by 150 cm) at a distance of 
12 ft (360 cm) from source. Special light projector 
guide beam accurately ‘ pinpoints’ centre of radio- 
active beam on specimen. 


EASILY ADJUSTED Angulating mechanism permits 
rotation through 350° about both horizontal and 
vertical axes. 

RELIABLE Stout construction and dust-tight, moisture- 
proof enclosure of container gives reliable operation 
under adverse conditions and extremes of climate. 





NEWTON VICTOR LIMITED 


Vickers Electrical Company Limited, 132, Long Acre, 132, LONG ACRE, LONDON, W.C.2, ENGLAND 


X-Ray Department of 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER 


An A.E.1. Company 
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The range for every welding need 


Quasi-Arc (ti@y:' 
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Portable plant for one or two operators. 
Strong construction, giving reliability and long 
life in all conditions. 

High efficiency, low running costs, negligible 
maintenance. 

Versatility—large number of current settings 
available; current range up to 600 amps. for 
manual welding 
Multi-operator installations for 3, 6, 9 or 12 


operatora 


2,400 amps. for automatic welding). 
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Special attention to safety—all equipment conforms 
to B.S.638/1954; optional low-voltage safety devices 
available for oil-cooled sets. 

All single operator sets can be fitted with built-in 
capacitor for power factor improvement. 
Low-frequency 600 and 1000 amp. induction 
heaters available for rapid pre-heating and heat 
treatment. 

For full particulars of Quasi-Arc A.C. Transformer 
Welding Plant write for Technical Circular 850. 


world leaders inarc welding Quasi-Arc Limited, Bilston, Staffordshire 
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Every inch is seen to be perfect 


heat exchangers for the Bradwell station are so large they had to be towed 


12 « 
ghs 200 tons and includes 
he exchangers consist of four circumferential plates in 12 tiers 
tack-welded into place and the internal and externa] longitudinal 
» with automatic submerged-arc sets to Lloyds Class 1 specifications 
ld is then X-rayed 
he di consisting of eight segments pressed to shape, are hand-welded, 
reparati¢ ing used. The reinforcing ring outlets and flanges are then 
into position and X-rayed 
The importance of the radiographic inspection on a project 
f this magnitude cannot be over-emphasised. Not only must every 
inch of every weld be perfect—it must be seen to be perfect. That is 
why Kodak ‘Industrex’ X-ray Films were used exclusively for the heat 
exchangers of Bradwell Nuclear Power Station 


yf these exchangers, designed and manufactured by Head Wrightson 
low-pressure and high-pressure systems 


Den 


ersion 


INDUSTRIAL 


Kodak X-RAY FILMS 





first choice of inspection engineers everywhere 
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Doubling the life 


Crack-free resurfacing of coal-pulverising mill rolls at high speeds is being 
achieved with A.E.I. automatic welding equipment. By effective pre-heat, weld and 
post-heat of the roll with temperatures at which handwelders could not work, crack-free 


surfaces are obtained giving an average life of 2,500 hours. Please write for details. 








Automatic welding equipment for resurf- 
acing coal pulverising mill rolls, showing 
pre-heating cover over roll and welding 
head positioned ready for insertion. 


Associated Electrical Industries Limited 
TRANSFORMER DIVISION — HEATING & WELDING DEPARTMENT 


Trafford Park - - - Manchester 17 
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MANIPULATING PLATES THUS OR THUS OR THUS 


up to 3 COLD 
VERTICALLY 


simplifies and speeds up plate handling 
and is performed with 95% bending efficiency 


HUGH SMITH 


Heavy Duty, Direct-Acting 
BENDING PRESSES 


This machine is of relatively low capital cost 
but has a performance much superior to con- 
ventional types of plate bending rolls, and is 
also dual purpose in that it will both bend and 
flange even the heaviest plates used in boiler 
making and general fabrication. The power- 
ful direct-acting rams can be brought to bear 
close to the plate edge, which eliminates pre- 
setting. 

We will be pleased to provide technical 


information and performance figures. 


Conical Work can readily be done 


HUGH SMITH & CO. (POSSIL) LTD., Hamiltonhill Road, Glasgow, N.2 


Telephone: POSSIL 8201-3 Telegrams: “‘POSSIL, GLASGOW’"’ 
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The [VB DE-SCALING PISTOL 


This easy-handling pistol speeds the de-scaling operation 


~ 


over wide areas of irregular contour. Surfaces difficult to attack 
by usual mechanical or wire-brush methods are effectively 


de-scaled by this pistol. Result... considerable labour economies. 


a — 











Type IV B Compressed-air, Multi-point De-Scaling Pistol and Elements 
Multi-point, spring return, pallet reaction blocks, with 
various profile needle tubes and instant trigger valve control. 

Power requirements: Compressed air at 75 to 120 lb./sq. in. 


Approx. Consumption: 14 cu. ft/min. at 85 Ib./sq. in. 


Dept. $.95 


Siemens-Schuckert Faraday Works - Great West Road - Brentford - Middx 


Tel: ISLeworth 2311 - Grams: Siemensdyn, Brentford, Hounslow 


oe 7 
(Great Britain) Birmingham: Tel: Midland 2082 - Cardiff 
Glasgow: Tel: Central 2635 - Manchester: Tel: Altrincham 5291 
Ltd Newcastle: Tel: Wallsend 68301 - Sheffield: Tel: 61564 
MANUFACTURERS UNDER LICENSE FROM JASONS (EQUIPMENT) LTD. 


Smee's 5.95 
JULY, 1959 1! 





TEXOLEX PROTECTS 


The Texolex safety helmet and welding mask provides the welder 
with adequate protection against occupational risks. It com- 

prises a high dome, cap type model No. 11 heavy-duty Texolex 
helmet, fitted with a swivelling and detachable one-piece 

fibre welding mask. It has two positive stop positions 

down for welding, up for viewing — and is fitted with a 

shock resistant, non-arcing glass holder, a 

4}x3} inch, tinted lens to B.S. 679:1947, 


and clean cover glass. 


Spare lenses and cover glass available, 


4} x2 inch tinted lens can be supplied. 


MALCOLM CAMPBELL cetasticsy LIMITED 


5 GREAT JAMES STREET LONDON W.C.1. Tel: HOLborn 5623 & 093! 





WELDED NICKEL 
ROAD 
TRANSPORT 
TANKS 


Butterfield craftsmen 


carry out welding 

with the most up-to- 

date equipment 

and at all stages of 

fabrication it is 

supervised by experts 

to any of the 

recognized codes 

This includes the highest 

specification demanded by itlustrated: 3,090 gallon 
Nuclear Energy Establishments single compartment Michel Road Tenk 


for ‘Phenol’. Mounted on Foden F.G. 6/24 chassis 
— ie eee Se We are equipped with 
produced WELD X-RAY PLANT, MATERIALS 
, TESTING, METALLURGICAL, 
: CHEMICAL AND MICROSCOPIC 
EXAMINATION LABORATORIES for any 


required class of work 


| W.P.BUTTERFIELD LTD,P.O.Box38,Shipley, Yorks. 
Tel. 52244 (8 lines) LONDON AND BRANCHES 


Canesmesennen ee - — 
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Seam welding is the quickest method of making 

pressure-tight joints in thin sheet steel. It is also the 

cheapest .. . but much depends on the electrodes used. 

For large work or small, seam welding or spot welding, 

there is no better electrode than a MALLORY - and Specialised Products of 

no better electrode material than MALLORY 3. , 
Production engineers know that when they buy Ay 
MALLORY they buy not only metal but efficient | nson N iy 


welds and long, trouble-free service — and this is true 


economy. INE ‘Lopst 7. - 
Booklet 1200 “Mallory Resistance Welding” is free on request. : 


JOHNSON, MATTHEY & CO., LIMITED, controlling MALLORY METALLURGICAL PRODUCTS LTD. 
73-83 HATTON GARDEN, LONDON E.C.I. Telephone Holborn 6989. 
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FOR ENDURANCE BEYOND THE 
CALL 
OF 
DUTY 


¥ 








Butt-welding the 3” plates of reactor vessels at 
Hunterston with Diadem ‘Opal’ Electrodes 





Photo by Glasgow Evening Citizen 


ror HUNTERSTON ATOMIG 
POWER STATION | OPAL ELECTRODES ARE 


Radiographic inspection is required for every inch of weld and not a microscopic SPECIFIED BY E&6.C 


flaw is allowed to go undetected 


Diadem OPAL Electrodes are therefore used EXCLUSIVELY for Site butt welds of the ATO Mi EN ERGY DIV 
giant Re-actor Vessels and also for all Steam Raising Units and Ancillary Ducting s 


The OPAL safety factor is big enough to contain — the atom! 


Hunterston Po wer Station is being built for the South 
COOPER & TURNER LIMITED ; 


cf Scotland Electricity Board by the General Electric 
MANUFACTURERS OF RIVETS AND ARC-WELDING ELECTRODES Co., Ltd., in association with Simon—Carves Ltd.. 


VULCAN WORKS, VULCAN ROAD, SHEFFIELD 9 Motherwell! Bridge & Engineering Co., Ltd., and 


Telephone 4209 Teles s: Rivets, Sheffield Mowlem (Scotland) Ltd. 


bt 








Heat Exchangers Inner side of the 8 segments making up the 


20 feet diameter dished and flanged end. 


for Bradwell 


These large fabrications are the dished 

and flanged ends of the 19/20 feet 

diameter by 93 feet long heat exchangers 

for the Bradwell Nuclear Power Station 

MR aeclititiane)m:| segments 17%" thick, 

joined by double sided manual welding 

This is a typical example of the class 

of work that passes through the shops of . 

Head Wrightson Teesdale Ltd. Equipment 

arlalirias rel by the Serheuny is midi n yop paar he ew ee ee 
dished and flanged end. 


efela 4 wmar tmelellia Mmiillsl- ala -tilsl tale 


steelworks etc., all over the world 


HEAD WRIGHTSON TEESDALE LTD 


TEESDALE IRON WORKS - THORNABY-ON-TEES 
LONDON JOHANNESBURG TORONTO SYONEY CALCUTTA 








RESISTANCE WELDING MACHINES 
SERVING 


THE 
NUCLEAR POWER, AIRCRAFT AND ENGINEERING 
INDUSTRIES 


IF YOU REQUIRE RESISTANCE WELDING PLANT 


CONSULT 


MERITUS 
FIRST 
CONTRACT WELDING UNDERTAKEN 


Write for details: 


MERITUS (BARNET) LTD. 


BARNET, HERTS. 


TELEPHONE: BARNET 2291/2 


Meritus Pedestal Type Gold Medal and Bronze Medal. Brussels World Exhibition 1958. 
Spot Welding Machine The Engineering Centre Collective Exhibit. 











Lloyds Class 1 Fusion Welding—Robey 
welding—is exhaustively tested at every stage— 
in the laboratory, by X-ray, by rigid stage- 


by-stage inspection, by hydraulic and other R ‘@) 34 Ee Vf 
ai 


methods. The keynote is safety, but this is just 


one aspect of our welded work. Delivery- OF LINCOLN 


on-time is another. Competitive pricing a 
third. And, not least, exact fulfilment of 


specifications. 


Things like this are taken for granted at 
Robey’s—but they make a lot of 


difference for our many customers. 





Robey & Co. Ltd. Lincoln London office: 11 Princes Street, Hanover Sq., London, W_I 
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CABLEMAKERS IN THE UNITED KINGDOM 


British Insulated Callender’s Cables Ltd. 
21 BLOOMSBURY STREET, LONDON, W.C.1 


® é 
° Connollys (Blackley) Ltd. (Cables Division) 
MANCHESTER, 9 
W. T. Glover & Co. Ltd. 
TRAFFORD PARK, MANCHESTER, 17 


The Metropolitan Electric Cable & Construction Co. Ltd. 
CLYDE WORKS, CHADWELL HEATH, ESSEX 


St. Helens Cable & Rubber Co. Ltd. 


SLOUGH, BUCKS 


The Telegraph Construction & Maintenance Co. Ltd. 
MERCURY HOUSE, THEOBALDS ROAD, LONDON, W.C.1 


—==2 < 


cables 


at competitive bese: 





PAPER 
MINERAL 


prices ¢ 


Price Lists mailed direct to you on application to any of the above Companies 








Prompt deliveries from 89 Branch Offices or from your regular wholesaler 


Technical Advisory Service by Qualified Engineers 
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MARCONI 
INDUSTRIAL 
X-RAY 


THE 250kV¥ CONSTANT POTENTIAL 
APPARATUS 


SOME 
MOUNTINGS 
FOR THE 
250-kV 
TUBEHEAD * 








“ar 


adly sent on request 





DESIGNED FOR A WIDE VARIETY OF APPLICATIONS IN 
THE ENGINEERING INDUSTRY 


HE Marconi 250 kV Constant 
Bynes X-Ray equipment is 
one of the most efficient and versa- 
tile ‘inspection tools’ at the service 
of the engineering industry. The 
basic apparatus comprises four main 
a high tension transformer- 
rectifier unit, a control unit, an oil 
circulator cooler and the oil-cooled 
tubehead illustrated above. 


items 


which is 
to 250 kV in 2-kV steps 
permits examination of components 
varying from plastic and aluminium 
items to ferrous sections more than 
three inches thick. 


The Kilevoltage range 
from 30 


The scope of the apparatus has 
been extended still further by the 
development of a comprehensive 
range of tubehead mountings, which 
includes fully mobile and semi- 
mobile units, and suspension and 
static tubestand types, someof which 
are shown on the left. These mount- 
ings have been designed to meet in- 
dustrial requirements and Marconi 
engineers are always available to 
recommend the most suitable in- 
stallation, or suggest adaptations. 
For preliminary details of the 
Marconi 250 kV Constant Potential 
X-Ray equipment, please write for 


leaflet AQ22. 


MAY WE ALSO SEND YOU PARTICULARS ABOUT OTHER MARCONI INDUSTRIAL X-RAY EQUIPMENT? 


(RR AA I LE ZT TET a I — 
Please address enquiries to MARCON! INSTRUMENTS LTD. at your nearest office: 


London and the South 
Marconi House, Strand, London, W.C.2 
Telephone: COVent Garden |234 


Midlands 


Marconi House, 24 The Parade, Leamington Spa 


Telephone: 1408 





North 
23/25 Station Square, Harrogate 
Telephone: 67455 


Export Depertment : Marconi Instruments Led., Se. Albans, Herts. Telephone: St. Albans 5616! 


1X22 
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ELECTRODES FOR 
STAINLESS HEAT- 

RESISTING STEELS. 
AND 

NICKEL ALLOYS 


INVICTA ELECTRODES LTD 


JULY, 


1959 


BILSTON LANE 


ELECTRODES 
FOR MILD AND 
MEDIUM H.T. 
STEELS 


WIL" ENHALL 


STAFFS 


ELECTRODES FOR 
REINFORCING 
AND 

HARD 

SURFACING 


ELECTRODES FOR 
CAST IRON. 
MACHINABLE 
AND NON- 
MACHINABLE 
DEPOSITS 


at ade me 
~— 


cP a ¥ 72 * 


TELEPHONE: JAMES BRIDGE. 3131. EXTN. 303 





Strength 
with 


HERMEES| 
electrodes 


Great strength and amazing speed, characteristics 


HEAVY SECTIONS of the rhinoceros, are outstanding qualities of 

RESTRAINED JOINTS I eo ISH ELECTRIC eri = ES electrodes. oe iron 
powder coating gives high deposition rates, ease ol opera- 

HIGH TENSILE STEELS tion and quick deslagging. 

CARBON & ALLOY STEELS 


Send for publication WA/141 to: 
The English Electric Co. Ltd., Welding Electrode Division, 
Clayton-le-Moors, Accrington. Telephone: Accrington 3241, 


ENGLISH ELECTRIC 


PRR one y 
yy tN AE 


Tue ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 


WORKS STAFFORD PRESTON RUGBY + BRADFORD LIVERPOOL! ACCRINGTON 
WAE .27 
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Cut and 
come again 


In high production belt grinding, 
costs are determined by the 
speed with which the job is 
done; that is, the cutting 


efficiency of the abrasive belt. 


Behr-Manning RESINALL METALITE BELTS 


. Offer in full the well-known advantages of resin bonding, standing up to all the heat and 
strain you can give them. They combine with this a remarkable resistance to wear. Try 
the effect of the exclusive double bond of thermo-setting resin and see the extra life it adds 
to the consistently fast cutting action. More important, try the effect on your overall 


grinding costs — and profits. See your Norton representative or write direct to us. 
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BEHR-MANNING Goated Abrasives 
Made by Behr-Manning Ltd., Belfast, and marketed ir r associated company 


in the U.K. by their 


NORTON GRINDING WHEEL COMPANY LTD. ; 


COATED ABRASIVES DIVISION, WELWYN GARDEN CITY, HERTS. Tel: Welwyn Garden 3484 (15 lines) 


NORTON and BEHR-MANNING factories also in Argentina, Australia, Brazil, ABRASIVES 


Canada, France, Germany, Italy, Northern Ireland, South Africa and U.S.A. 
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Shipyard 


Reorganization 
for Welded 


Construction 


v Of Southwick Shipyard, 
January 1959 


The paper describes briefly the steps taken to make a single new layout 
from two existing shipyards, and to introduce a system of building ships 
from welded pre-assembled units. 


By R. Straton 


The new yard now comprises three berths. For these, 
plating, welding, and assembly shops, services and machinery have been 
disposed to give a continuous flow-through of material 


and in the 


1 production 


control system has been adopted to provide an effective programming 
of all material through the shops 


EFORE the modernization of Southwick Ship- 
yard started in 1956 there were in effect two 
shipyards, complete in themselves in most 
respects, and yet operated as a single entity. This 
arrangement was not suitable for economical ship- 
building, and it was decided to make one completely 
new layout which would be well co-ordinated and 
could be efficiently operated 
The principal aims of the re-organization were 
(i) To make a layout for building ships on the system of 
welded pre-assembled units of up to about 30 tons 
(ii) To make the best use of the land available 
(iii) To increase the output of the yard twofold 
(iv) To organize production so as to eliminate unnecessary 
effort and to build ships at an economic price 


Old Yards 


In the East Yard there were three parallel berths 
which launched down river under Queen Alexandra 
Bridge. They were all suitable for building ships 
420 ft long x 55 ft beam, and were served by lattice 
pole derricks of 5 tons S.W.L. 

The steelworking machinery was of the conventional 
type, as listed in Table I. Nearly half the number were 
operated in the open with no cover from the weather. 

The ground levels in the yard varied considerably, 
and the surface of all but the main roads through the 
yard was of compacted earth and ashes. 

In the West Yard there were two parallel berths 


launching up river. These were suitable for building 
ships of about 450 ft long x 62 ft beam. 

They were served by two 5-ton electric travelling 
cranes, which operated on a track between the two 
berths, and a total of ten pole derricks of 5-tons lifting 
capacity. These derricks were situated on the sides of 
the berths away from the travelling cranes. 

The steelworking machinery was of much the same 
type as that in the East Yard, but it was set out in a 
slightly more compact pattern. Only one machine was 
in the open (Table I). The plate-working shed had two 
5-ton overhead travelling cranes for handling material. 

Certain machines, such as the hydraulic keel plate 
flanger, plate drilling machines, bar joggling machine, 
and bar punch and bender, served both yards; so also 
did the Mould Loft. There was therefore a consider- 
able amount of transporting of material between the 
two yards. 


Earth Moving 


In general, the old West Yard sloped down from the 
north-east boundary to a small level area in the centre. 
The level of the East Yard also varied considerably. 
Between the two yards a ballast hill, chiefly of sand 
and ashes, extended over a length of about 600 ft, with 
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Table I 


Steelworking machines in Fast Yard — 1955 





¢ of Machine Number Number Total 
under in Open 


C over 


Punch and shears 3 
Bar punch and bender 0 
Manhole punch and bar joggler 0 
Manhole punch 0 
Twin punches 2 
Twin shears 


Twin countersinks 


thy ee me mee me Nw 


Hydraulic riveting machines 
Plate joggling machine 
Shell rolls 

Mast 

Vent rolls 

scaurphing 

Plate edge planer 

Keel plate flanger 
Plate straighieni 
Hyder ic Stringer 
Frame bevelling 

Do e-ended fr 
Hydra Ln 





Table Il 


Steelworking machines in West Yard— 1955 





Number Number 


nde t Open 


lachine 
ng machine 
ng machi 
ichine 
nk 
Shell t 
Plate joggling machin 
Plate straightening rolls 
Double-ended frame furnace 
Hydraulic frame setters 


Totals 





a height of 90 ft and a width of about 350 ft. The 
material in this hill was used for filling-in and com- 
ar . « 6 { 
pacting, and by moving about 250,000 tons of earth 
and sand in the West Yard, and 28,000 tons of earth 
and rock from the East Yard, it was possible to 
increase the usable area of land from 56 to 87 °%. 
The main features of the alterations were 
(i) The provision of a third berth in the centre of West Yard 
(ii) The levelling of an area in West Yard for workshops, 
storage, and outside working areas 
(iii) The levelling of the North East bank to provide a steel 
stock yard 
(iv) The general levelling of East yard, which has provided an 
area for fitting-out shops 
The work, which was completed in two years, included 
the building of a new quay wall and the dredging of 
the river bed to make a berth for two ships abreast, 
and giving a minimum draft of 18 ft at L.W.S.1 


New Layout 


It was decided that for the maximum output 
planned, three berths would be most suitable, and they 
were set out in the West Yard. The original Western 
berth was kept as Berth No. 3 but it was regraded to a 
declivity of *. in. per foot. It will now take ships 
500 ft long» 71 ft beam. The original Eastern berth 


+ 


was filled in and Berth No. 2, which really took its 
place, was moved further east and was turned to slope 
at a better angle up river. It will take ships 530 ft 
long x 82 ft beam. Berth No. 1 was completely new 
and was cut out of the ballast hill. It runs parallel to 
Berth No. 2 and it will take ships 485 ft long = 70 ft 


beam 

Between Berths No. | and 2 and between Berths 
No. 2 and 3 are storage areas for fabricated units 
waiting for assembly on the berths, and there are also 
skids for riveting and welding sub-assemblies 

At the head of Berth No. 3 there is an additional 
storage area, which helps to give the whole yard an 
open and clear effect. It is covered by the crane 
serving Berth No. 3 (Figs. 1 and 3). 

At the west end of the yard are situated a small 
covered-in berth 180 ft 36 ft wide; Shipwright’s 
Shop, General Store, Garage for yard transport, 


l Looking down the Berths 
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Powerhouse, Jobbing Platers’ Shed, and Welding 
School. 

At the head of Berths No. | and 2 and stretching to 
the east is the Plating, Assembly, and Welding Shed, 
and behind this shed on the bank at the north-east 
boundary at a level of 21 ft above the general level of 
the yard is the Steel Stockyard. The main offices of 
the Company are in a central position in the yard sited 
on the entrance road and facing down to the berths. 

The Fitting-out Quay and shops for the finishing 
trades are situated in the old East Yard. The most suit- 
able level for the East Yard was rather high for the quay 
for access to the ships fitting-out. It was therefore 
necessary to arrange platforms to take the gangways 
for access to the vessels. Two dolphins were arranged 
to serve this purpose, and they also keep the vessels in 
deep water clear of the rock formation on the river 
bank 

Behind the quay there are a Plywood Store, Joiners’ 
Shop, Polishing Shop, Furniture Store, a small Ship- 
wrights’ Shop, General Store, Pipework Shop, Fitters’ 
Shop, and Blacksmiths’ and Jobbing Platers’ Shop 
At the east boundary of the yard there are a Gatehouse 
and a Paint Shop 

Between the East and West Yards the area at present 
occupied by Blacksmiths, Joiners, General Store, 
Mould Loft, and old steel working machinery remains 
for demolition and future development 


Steel stockyard 

By positioning the steel stockyard on the north-east 
bank and at a somewhat higher level it was possible to 
bring a railway siding in from a line which fortunately 
runs along this boundary of the yard (Fig. 2). 

The stored steel is ranged along each side of this 
siding over a level length of 600 ft. The railway lines 
are set flush in a concrete road so that rubber-tyred 
vehicles can be used in the stockyard. 

It was considered unlikely that standard plates 
would be used for a considerable number of years, if 
at all, and therefore most plates are racked vertically. 
All bars are stowed flat on the ground and piled to low 
heights only. The only exceptions are light flat bars, 


Steel stock yard 


299 


which are stowed in specially constructed racks. In 
practice, one full side of the Stockyard is occupied by 
vertically stowed plates, and the other side by sorting 
space and bars. 

There is one 6-ton electric overhead travelling crane, 
which runs on a gantry and is high enough to allow 
wide plates to be off-loaded from railway wagons. One 
mobile crane is also used for handling the bars. 

From the Stockyard all plates are taken by rubber- 
tyred trailers to the Mangle Shed, which is situated at 
the end of a concrete road leading down from the 
Stockyard to the main shipyard level. 

One set of plate mangles is used for all plates; it 
therefore had to be placed so that an even flow of 
plates could come from the mangles to the next pro- 
cesses in the various bays of the plating shops without 
causing congestion and unnecessary handling within 
the shops. The mangles were put along the direct route 
from the Stockyard to the Plating Shop, where there 
was sufficient space for convenient movement of motor 
transport. Above them is a 6-ton floor-operated over- 


head travelling crane for handling the plates. 

Bars go straight from the Stockyard to Bay A in the 
Plating Shop, where they are to be processed, or 
directly to the Assembly Bays if no processing is 
required apart from cutting the ends and odd scallops. 


Plating, Assembly, and Welding Shops 

Table III lists the steelworking machines in these 
shops and the Jobbing Platers’ Shed. The total number 
of machines has been reduced from 47 in the old 
arrangement to 20 in the new. 

The Plating, Assembly, and Weiding Shops consist 
of an annexe and three bays for marking, cutting, and 
shaping processes, with a Mould Loft over the first 
bay, and three bays for assembly and welding (Fig. 3). 

Bay A and its annexe are used for working all sec- 
tions and bars for the yard, and for profile burning 
shaped plates such as floors, bilge brackets, and 
transverses, from scrieve boards and templates. 


Table II 
Steelworking machines in plating shops and jobbing platers’ shed 
1959 





Number of Total 
Machines in 
Plating 


Shops 


Number of 
Machines in 
Jobbing 
Platers’ Shed 


Cold frame bender 0 
Hydraulic frame setter 0 
Double pneumatic bar 

drilling rig 0 
400-ton press and bar joggler 0 
Bar bender 0 
Double-armed profile 

burning machine 
Double flame planers 
Guillotine 
300-ton flanging press 
1200-ton flanging press 
Complete circle rolls 
Twin radial! drilling machine 
Radial countersinks 
Shell rolls 
Double punch and shear 
Mast rolls 
Plate mangle (in separate shed) 


Tvpe of machine 


0 
0 
0 
0 
0 
0 
0 
0 
0 

I 

1 

l 


3 
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— ee ee ee ee ee ee 


4 
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Totals 
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In the annexe there are the scrieve boards, a cold 
frame bender, frame setter, and bending blocks for 
cold adjusting the frames bent in the bender, and a 
pneumatic drilling rig for drilling frames. This area is 
served by three |-ton electric travelling hoist blocks 
rails, and by an ‘electric eel’ 


running on overhead 
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crane which travels over the scrieve boards to handle 
frames for the marker. 

The cold frame bender is much more economical to 
work than a frame furnace but there is a limit to the 
range of work it can take. Maximum bevels are about 
and on tight bends the inside flanges of large 


18 





Piate Stockyard 


Bar Stockyard 
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channels tend to buckle. However. by means of careful 
designing these difficulties can be avoided. 

The pneumatic frame drilling rig is simple and 
effective. Two pneumatic drilling machines are sus- 
pended from swinging jibs in balanced frames. These 
frames have jaws which fit over the bar flanges to be 
drilled and so automatically hold the machines in 
position while they are drilling. 

In Bay A there are also two bar-marking tables, a 
mechanical bar bender and a straightener, a 400-ton 
press with bar joggling attachment, a floorplate mark- 
ing table, and a profile burning machine with a burning 
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St at 95’ rad 
6t at 140° rad 


table 40 ft long « 10 ft wide covered by two arms, each 
with two burners. The machine can be operated by 
hand tracing round scrieves or templates, by tracer 
wheels working on aluminium strip, or by a magnetic 
head working off steel strip. It has been found that for 
most work the magnetic head is the most suitable. 

Swinging jib cranes serve most operation points, 
and there is one 5-ton electric overhead travelling 
crane which covers the whole Bay. 

In Bay B all lighter plate work (such as bulkheads, 
houses, masts, derrick posts, and all flanging) is 
carried out. There are three marking tables, a double 
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flame planer which burns four sides of two plates at 
one time, a guillotine to cut 10 ft wide plates to 4 in. 
thick, a set of complete circle rolls for plates up to 
10 ft long « j in. thick, a 300-ton press for plates 10 ft 
wide, and a 1200-ton flanging press for plates 33 ft long. 
4 small table for light portable machine burning is also 
used in this Bay. Swinging jib cranes serve most Opera- 
tion points and there is one 5-ton electric overhead 
travelling crane which covers the whole Bay 

In Bay C all the heavier plate work, such as shell, 
tank top, and main decks, is carried out. There are 
two marking tables, a double flame planer which burns 
four sides of two plates 31 ft long « 10 ft wide at the 
same time, two twin radial drills on travelling carriages, 
two countersinks on travelling carriages and a set of 
33-ft shell rolls. A table is also set up for sundry small 
cutting done by light portable burning machines 

Bay D is used for marshalling all prepared parts for 
assembly, and for light assembly work up to 10 tons 
There is one 10-ton overhead travelling crane which 
covers the whole Bay, and two radial jibs of 5 tons 
S.W.L. for handling sub-assemblies when the overhead 
crane is occupied on other work 

Bay EF is used for medium assemblies up to a maxi- 
mum of 20 tons weight. There are two 10-ton overhead 
travelling cranes covering the whole bay. 

Bay F is used for the heaviest assemblies up to a 
maximum of 30 tons weight. There are two 15-ton 
overhead travelling cranes covering the whole Bay 

In Bays D, F, and F there is a grid of steel angle bars 
set flush with the surface of the floor. They are spaced 
10 ft apart across the width of the bays and 20 ft apart 
along the length. Good electrical connections are 
made throughout the grid, and are completed back to 
the main steel structure of the building. Earth wires 
for each job to be welded are led back to plates welded 
to the steel structure of the building or to the auto- 
matic welding power units themselves. It its not the 
practice to use these floor grids as welding earths, 
although they can serve that purpose: they are used 
more as an anchorage to which lugs and other devices 
can be welded temporarily for particular assemblies 
when pulling or stops are needed 

The height of crane rails above the floor in Bays D, 
FE. and F is 50 ft, which gives a clear lift of 44 ft 


Services 
Services throughout the Plating. Welding, and 
Assembly Shops are set out to give supplies of elec- 
tricity, coal gas, oxygen, and air where they are needed. 
For welding there is a 415 V, 3-phase a.c. supply, 
which is distributed on the ring main principle for 
Bays D, E, and F where the demand is greatest. There 
is also a supply at the annexe to Bay 4 which is taken 
from the power switchboard in this bay 
There are six 160 kVA transformers in the Welding 
Bays: four of them are each arranged with 12 points 
supplying two plug boxes in groups of 6 points, and 
the other two supply a total of 18 points each, in three 
plug boxes of 6 points 
The main supply cables for welding. lighting. and 
the power switchboard in the shops are of aluminium 
core paper-insulated aluminium-sheathed construc- 
tion. At the time these cables were being fitted. copper 
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was very expensive, and a saving of about 25°, in the 
cost of supply and installation was effected by using 
aluminium cables giving the same resistance drop as 
the copper cables would have done. The aluminium 
cables are, of course, larger in diameter, but they are 
just under one-third the weight of the copper cables, 
and are more rigid. They do, however, have to be kept 
clear of steelwork and lead-based paints, and they are 
more easily cut and damaged, and more difficult to 
repair and to join. There is, however, very little chance 
of damage occurring in the shops 

A series of 240 V, single-phase a.c. points is distri- 
buted throughout the shops. These points are used for 
small portable two-point transformers which give 
110 V supply for portable electric tools 

Oxygen is piped throughout the shops and is led to 
distribution points to give ample coverage. Town coal 
gas supply is compressed to about 25 Ib./sq.in. and is 
distributed to the same places as the oxygen at a 
pressure of 10 Ib./sq.in. Compressed air is also piped 
throughout to give proper coverage. 

All transformers and main power switchboards are 
placed on platforms about 10 ft above floor level, 
which helps to keep the floor clear and the equipment 
free from damage. 


Building berths 

The capacities of the three berths have already been 
mentioned. Each berth has a crane gantry on one side 
which is at the level of the main part of the yard, and is 
designed to take two 20-ton Monotower travelling 
cranes. At present Berths | and 3 have only one crane 
each, and Berth 2 has two. 

The declivity of the berths is , in. per foot. There 
are concrete slabs for the length of each berth to take 
the keel blocks and launching ways 

Electric power for welding and for temporary light- 
ing and other needs is supplied on the ring main 
principle, and switchboards are placed at three or four 
points along each side of each berth, giving very good 
coverage without having leads which are too long 

At the sides of the berths where the cranes operate, 
the two riverward switchboards are situated in recesses 
constructed in the crane gantries. This arrangement 
keeps them clear of the cranes and makes them acces- 
sible from the berths. 

Oxygen. compressed air, and fresh water are piped 
round the berths, and draw-off taps are situated at 
convenient places on both sides of each berth. River 
water is led up one side of each berth and is supplied 
by means of two electric pumps at the river ends of the 
storage areas. 


Lighting 

In the main shops electric lighting 1s by means of 
ordinary tungsten filament lamps and care has been 
taken to provide a good intensity. It was considered 
that this type of light was more kindly to work in 
than mercury or sodium vapour lighting. In the open, 
mercury vapour lighting has been used because it was 
found possible to get a better intensity of light with an 
economical layout. 

In the main area of the yard, six of the old derrick 
posts have been inverted and stuck into the ground so 
that their old base plates form platforms at a height of 
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80 ft above ground on which 1000 W taercury flood- 
light fittings are fixed to shine at strategic angles. 
There are also two similar platforms fixed to the top 
of the Plating, Assembly, and Welding Shop. The 
arrangement is quite satisfactory. 
All services in the yard are led from the power-house 
and sub-station through a duct which passes across the 


head of the berths and branches down each side of 


each berth. When the crane gantry or storage space 
walls are high enough the ducts are stopped and 
services are led along the faces of the walls. 

At present coal gas, acetylene, and propane are not 
piped down the berths. Propane is used in bottles. 

For odd small plating work which has to be done on 
the ships, apart from the normal production plating, 
a Jobbing Platers’ Shed has been arranged at the head 
of No. 3 Berth. In this shed there is a double punch 


and shear (the only punch in the yard), a small set of 


complete circle rolls, a table for plate marking, and a 
table for light machine or hand burning. 

Oxygen, compressed air, and electric power are laid 
on to meet requirements, and propane is used from 
bottles. 

Adjacent to this Jobbing Platers’ Shed there is a 
Welding Electrode Store which is used for supplying 
welders on the berths 
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At the head of Berth No. 2 there is a block of Fore- 
men’s offices and a pneumatic tool and burning gear 
store and maintenance shop. 


Welding School 


The Welding School, small but well equipped, is 
situated next to the Jobbing Platers’ Shed. There are 
five welding booths fitted up in the usual way for 
training in manual welding. There is a set of cast-iron 
frame bending blocks, which can be used when weld- 
ing small fabrications, ample bench space, and a floor 
area where machine welding can be carried out. Ample 
power supplies are available for all welding require- 
ments. Oxygen and compressed air are piped to suit- 
able points, and arrangements are made for training 
apprentices in hand and portable machine burning. 


Welding Inspection 


A visual inspection is made of all welds by inspectors 
who are appointed for that purpose only, and all weld- 
ing faults are reported in writing to the welding fore- 
men, who arrange for their correction. 

About 320-350 radiographs are made of welds on 
each ship. These are taken at points where trouble is 
most likely to occur and also at random points to 
check on the work of each welder. All welders are 
shown the radiographs of their work, and instruction 
and advice are given as is necessary to help them 
correct their faults. 

For this radiography, a 34 curie source of iridium 
192 and a 5 curie source of caesium are used, and 
there is a well fitted-out dark-room situated in the 
Welding School. 

The container for the iridium has a magnetic stand 
which has proved to be most useful for holding it in 
position on vertical surfaces, such as side shells 

All new welders are put through a practical test 
before they are started in the yard, and those employed 
are tested regularly. 

The welding inspectors report to the welding 
manager regularly on the capabilities of each welder, 
so that welders are employed only on work which they 
are capable of doing satisfactorily 


Plate Edge Preparation for Welding 


No mechanical cutting methods have been adopted 
in the yard apart from the one guillotine, which is used 
only on 4 in. thick plate and under, where a square 
edge preparation is required. All other cutting is done 
by means of gas burning, which has been adopted 
because it was considered to be more versatile and 
more accurate than the high-speed plane or rotary 
shears, as well as requiring less handling time and 
space. 

With flame planing, all four sides of the plate are 
generally cut at one time. Rectangular plates which do 
not have to be marked can be cut direct from a code 
sheet. The variety of edge preparations has been kept 
to what is considered to be a workable minimum, and 
each type of preparation has a code letter. In fact, 
there are only seven different types of edge prepara- 
tion, but there are twelve applications (Table IV). 
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A simple dimensioned diagram of each edge prepara- 
tion, together with the appropriate code symbol, has 
been prepared for the use of the machine burner 


operators 


Loft work and passing loft information 

It has been decided to avoid as far as possible the 
ise of wood templates, full-sized battens, card tem- 
plates, and steel strips. They are expensive to make, 
awkward to handle and store, and vary with atmos- 
pheric conditions; and they often get lost. For marking 


purposes a coding system is being introduced which 


Table 
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makes use of a code sheet for each plate or bar or set 
of bars. The flame planing of a number of plates is 
covered by one code sheet. 

These code sheets provide all the necessary informa- 
tion for marking or burning, and also work in well 
with the production control methods employed. The 
necessary sheets are issued with the job instruction 
card, and can be used for calculating piecework prices 
which can be marked on them before they are issued. 

With this system there is no need for the plater to 
waste his or the loftman’s time in fetching templates, 
battens. and information from the Loft. Another 


1\ 


Plate butt and seam edge preparation 
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)} Machine welding 


No gap 
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Shaped shell (frames removed 


Position 


Downhand each 


before welding) 





Machine or manual welding 


Square edge-no gap 


L : 








Shed weld 


he gop 














0-Y gop 








Flat horizontal plates (no shape) 
Bulkheads, decks, flats, etc 


bulkheads, decks, flats, etc 


f Flat horizontal plates (no shape) 


Shed weld 


Horizontal plates, decks, ( 
{ 


RAGA |, AAU Spaces 


Shed weld 


Downhand each side (D.P 
electrodes) 


Machine or manual weld 


Downhand each side (D.P 
electrodes) 
Manual weld onl 


) Seal overhead 
) D.P. downhand 
Machine or manual weld 


I 
, 


Ship weld 


Machine or manual welding 


t 60° 2 








Ship weld 


Keel 


ind decks, etc 


Botton 


ind deck panel butts ( 


) Seal overhead 

) D.P. root run downhand, o 
(1) Downhand 

(2) Overhead 

Gouge ¥ in. in weld before 
overhead 

Machine or manual weld 


shell, double bottom, (| 
, 


bottom shell, tank top (1) Hand seal overhead 
(2) D.P. Root run downhand 


Machine or manual weld 


Shed or ship weld 


Accommodation decks, flats, etc 








D.P. electrode downhand 
D.P. root run 
Machine or manual weld 


Shed or ship weld 





STRATON: SHIPYARD REORGANIZATION FOR WELDING 


great advantage is that it is not necessary to do loft 
work in full size; any convenient scale can be used. and 
the system therefore co-ordinates well with the 4 scale 
for electronically controlled profile burning 
machines 

Examples of 
Figs. 4 6 


used 


typical code sheets are shown in 


Material Mlovement 


The particular shape of the shipyard and the hilly 
nature of the land prevent an ideal layout for material 
movement, but it has been possible to arrange that 
generally material moves forward in a steady flow 

Steel is delivered to the Stockyard by rail and ts 
moved from there throughout the yard on rubber- 
tyred vehicles running on concrete roads. An articu- 
lated motor lorry and three trailers take all plates to 
the Mangle Shed and then to Bays 4, B, and C; one 
articulated lorry takes sections direct to Bay A or the 
Assembly Shop 
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All steel passes through Bays 4, 8B, and C from the 
south-west end to the north-east end during processing, 
and then moves along the north-east end of the shop 
to Bay D, where it is marshalled into groups of items 
for each unit assembly. From marshalling it is issued 
for assembly and welding in Bays D, FE, and F, and the 
assembled units are loaded on to a 40-ton trailer at 
the south-west end of these three bays to be drawn out 
to the storage areas at the berths by means of an 
electric tractor 

The 40-ton trailer was designed to extend so as to 
accept units up to 70-ft long and to be closed up to 
take the more compact heavy units. It also has a 
swivel table for the wheel assembly at each end so that 
the tractor can pull from either end. The trailer has 
proved to be strong enough in the extended position to 
take even the heaviest and most compact loads, and 
the tractor driver has become expert at reversing the 
trailer, so that both these refinements have become 
unnecessary 

Lifting beams are used when needed to distribute 


(cont.) 


Plate butt and and seam edge preparation 





Plat Thk Symbol Preparation 


(4) Machine or manual welding 





Over j in 





All vertical and horizontal butts 


Tank top, decks, etc 


Viethod 


Position 


D.P. electrode downhand 
D.P. root run 
Machine or manual weld 


Shed or ship weld 


Weld Vee then gouge ;, tn. back 


and seams of shaped shell at ship, in weld 
shell panel butts of double bottom 


units 


main weld inside 


Square edge preparation at all 


; 
ye 


! Shed or ship weld 





(5S) Machine or manual welding 











Plate edge tapers shown thus: TI 


Vertical to horizontal plating, 
casings, vent trunks, bollard and 
steering gear seats where access 
from one side only 


shell panel butts at bilge strake 
only in way of riveted seam 


Manual weld 


At horizontal weld 
weld vee before gouging 
back ; in 


Manual weld 


Shed or ship weld 


x TN; F or N symbolizing far or near side of plate as shown on plan 





Notes on plate edge preparations 








Shown thus on plans 


E _\_F oN 
- 


SHED WELD 


Letter before weld symbol denotes type of weld 


SHIP WELD 


Letter after weld symbol denotes main weld on near or far side of plate as shown on plan 
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S-—C ode sheet for girders and square plate 


lifting points on awkward units when lifting from one 
crane and when two cranes are used for one lift 


Production Control System 


[he structure of each ship is regarded as consisting 
of a number of ‘units’ which are normally the pre- 
assembled structures making up the single crane lifts 
for erection on the berths. Each unit is given a number 
related to the planned sequence of erection on the 
berth 

As the heaviest lift on the berth is about 38 tons, and 
the average lift is somewhat smaller, the batches of 
individual items in each unit are too small in them- 
selves for effective programming through the produc- 
tion shops. Groups of up to as many as eight units are 


73s | 262 | 2 
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require marking for manholes 


therefore taken together for programming purposes. 
These are known as control groups, and there is 
generally one steel working plan for each group 

All items in each control group which are planned 
to go to the same first operation in the Plating Shop 
are batched together under a code letter for that opera- 
tion and are sent into the operator concerned. Subse- 
quent operations for each item are also indicated by 
operation code letters (fF ig. 3) 

After processing in the Plating Shop all items in each 
control group are marshalled. Marshalling, which is 
carried out at the end of Bay D, is of considerable 
importance, for it is at this stage that all parts in 
control groups are sorted into separate piles for units 
and are made available for assembly. 

Every part for each unit is marshalled before the 
unit is issued for assembly. While marshalling could 
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Bottom tine 


6—Code sheet for marking shell, tank 


be criticized for taking space and causing double 
handling, it is a practical necessity for assuring an even 
flow of units through the Assembly Shops 

The Production Control system for the shops has 
been drawn up and organized to ensure adequate 
control of the flow of material through the shops so 
that piecework systems can be satisfactorily worked 
Out with the certainty that the pieceworkers will have 
a Steady supply of information and materials 

Work study has been employed to devise a piece- 
work system for the flame planing machines. which is 
working very well 


Sizes of Material 
The arrangement of the steelworking machinery and 


the Plating Shops has been designed for a maximum 
length of plate of 30 ft. a maximum width of 10 ft, and 


Double bottom, deck, and aft-end 
assemblies in progress in Bay * 
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margins, and developed plates in general 


maximum thickness of 1} in. (the thickness of the 
plate is limited by the capacity of the plate straighten- 
ing rolls). In cases of extreme need longer or thicker 
plates can be handled but not wider plates; normally 
9 ft-6 in. is taken as the maximum width of plate. The 
maximum weight of an individual plate is 6 tons. 

For bars, 30 ft is taken as the standard length for 
stiff sections and 20 ft for light sections, but where 
necessary lengths of 50 ft can be handled. 


Main Features of Construction 


An effort has been made to simplify the method of 
construction of the welded ships. As an example, a few 
features of an open shelter deck ship of about 10,000 
tons d.w. are quoted. (See Figs. 7 and 9.) 

The flat bottom has no rise of floor and there is 
Straight line sheer and straight line camber of weather 
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Coded prefixes for part numbers 


Each part number has a letter prefix indicating the first operation to be performed on the part, and consequently the work station 
n the Production Shop to which material must be delivered 


Bay A 
H Hancomatic’ profiling machine (i) Parts burned direct from scrieve (e.g. floors) 
(11) Parts with curved edges, if two or more off (e.g. transverses) 
(iii) Parts with straight edges but with many notches or holes, if two or more off 
(e.g. hatch end beams) 
All shaped frames, stem bar, stringer bars 
(i) All bars other than work for cold frame bender 
(ti) Parts made from section material (e.g. lugs, tripping brackets, but not heavy 
face plates with shape 


Parts in. thick or less, 10 ft wide or less, with straight edges (e.g. brackets, 
minor bulkheads, inboard floors, intercostals in bottom) 
All plates except shell, strength deck, or tank top to be sent to Assembly Shop 
non-rectangular (e.g. doublers over § in. thick) 
Rectangular plates over 4 in. thick, over 10 ft long, other than shell, strength 
deck, or tank top (e.g. superstructure decks, masts, main bulkheads) 

Bay ( 

X Mark in Bay ¢ All shell, strength deck, and tank top plates to be sent to Assembly Shop non- 
rectangular (e.g. curved shell) 

Q ‘Hancoplane’ in Bay ¢ All rectangular shell, strength deck, or tank top plates 

Z Mark or work in Jobbing Shop Small parts lifted from ship to be worked in Jobbing Shop 


(1) Bay A and Bay B cranes of 5-ton lifting capacity limit plates to be worked in bays 


> " 


Plates for “Hancoplanes’ will include some which are panelled as rectangles and burned to curved outline after welding 


Production Shop Operation Code 


Assembly bay Knuckle on 300-ton press 
B — Beam bender Hancoplane’ in Bay B 
( Circle rolls ; ‘Hancoplane’ in Bay ¢ 
Radial drills, Bay ¢ Shell rolls 
Erect at ship Swedge on 300-ton press 
Frame bender Troughing press, 1200-ton 
Guillotine Mark Bars, except work for C.F.B 
Hancomatic’ profile machine Mark in Bay B for guillotine 
Joggling press Mark in Bay B for burning or ‘not cut’ work 
Countersink machines, Bay ¢ Mark in Bay C before burning 
Hand drill Mark after burning, Bay A, B, or C 
Hand burn Mark, shear, or punch in Jobbing Shop 


(P) or (S) to be added to part number if parts are similar but 
handed because of marks, edge preparations, or flanging 
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Bulk 1@ad Gnd 


ssemblie 


The second deck 1s flat, and there is no she 
the upper deck in the way of midship houses 
The extent of riveting is 


dec KS 


a) Main side frames to shell 

b) Upper bilge seam shell amidships 
(c) Lower sheer strake seam amidships 
(d) Both flanges of stringer bar 

(e) Shell to stern frame 

(f) Bilge keel to welded flat bar 


For the first ship, the main breakdown of units was 
as follows 


(i) Double bottom centre, including shell and 
internals 

Double bottom wings, including shell, tank top, margin 
plate, bilge plate, internals, and bilge brackets 

Main bulkheads for full width of ship, and longitudinal! 
bulkheads 


lank top 


Side shell plating and main frames, excluding sheer 
strake and ‘tween deck frames 

Deck centre panels, including hatch coamings, from 
bulkhead to bulkhead 

Deck wing panels from bulkhead to bulkhead 

Aft end lower unit, including stern frame shell and 
internals 
Aft end 
internals 


upper units, including shell, deck, flats, and 
Fore end units, including forepeak bulkhead, shell stem. 
and internals; the upper fore unit being complete with 
hawse pipes 

House sides in flat panels 

Superstructure decks in large panels 

Mast houses, shaft tunnel, 
units 


wheelhouse in 


These breakdown divisions are constantly under 
review and, in fact, with later ships, have been modi- 
fied in the case of houses, where more box sections are 
being made to provide more downhand welding in 
the shops. 

Corrugated and swaged bulkheads are used where- 


ever possible. Main flat side shell panels are plated 
vertically. Main connections of shell, deck, girders, 
tank top, and the like, are all butt welds, but for 
brackets and minor bulkhead connections where 
appearance is not important and fitting up time can be 
saved, lap welds are adopted. 


complete 


—-. & 


Connections are designed for the maximum amount 
of downhand welding. Wherever possible, when an 
assembly is in the flat position, overhead sealing welds 
are made first, and deep penetration electrodes are 
used for the downhand weld to ensure good penetra- 
tion. This method avoids the cost of cutting back for 
the sealing run, but where it cannot be used the root ts 
prepared by flame gouging. 

For shell work, the main weld is mostly on the inside 
of the ship and is deposited first. The sealing runs are 
laid on the outside after gouging back. The exception 
to this arrangement is the sheerstrake, where the main 
weld is on the outside. 

The advantage of making the main weld on the 
inside is that less of the welding is done in the exposed 
position where the full effect of bad weather is felt, and 
also because inside staging is better to work on, and a 
greater part of the welding is done in a slightly better 
position 
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HOUGH the greater part of welding is still done 
by manual processes, using a.c. transformers in 
the shops and motor generators on site, there is 
increasing use of the automatic and semi-automatic 
inert-gas processes. There is thus a greater demand for 
supplies and this is likely to receive 
further impetus by the introduction of silicon rectifier 
transformers 
Lincoln Electric Co. were showing the first of such 
equipment for arc welding made in Britain. Silicon 
rectifiers were demonstrated by the English 


rectified a.c 


also 


Siemens-Schuckert silicon welding rectifier 


THE WELDING 


EXHIBITION 


1959 


Some further impressions of exhibits at 
the Engineering, Marine, Welding, and 
Nuclear Energy Exhibition. Though man 
interesting developments have not been 
mentioned they will be referred to in the 
Vews Section of the Journal 


Vanufacturing Co. contour-fellowing device 


Electric Co. and Siemens-Schuckert (Great Britain) 
Ltd., and there were many examples of the standard 
selenium oxide cell type. It is expected that the silicon 
rectifier will show economic advantages over earlier 
types, for the operating temperatures are higher, the 
cells are unaffected by atmospheric conditions, and 
their life will be much longer. 

There was a wide choice of standard transformers 
and generators, and no welder should now be at a loss 
to find one that suits his purpose 

The adoption of surge injection, especially in the 
welding of aluminium alloys and stainless steels, has 
proved to be very advantageous, and Saturn Industrial 
Gases Ltd. have still further improved their Hivolt 
argon-arc welding units, which incorporate high- 
voltage arc initiation. This technique improves the 
Stability and flexibility of the arc, and even semi- 
skilled operators are enabled to increase welding 


speeds up to 25°% 


Gas Cutting and Welding 

With the development of the automatic arc welding 
processes came the need—which had always been 
present but had too often been neglected—for accurate 
plate edge preparation. Joint edges must not only be 
straight or uniform in curvature but for the thicker 
materials where bevelling is needed the preparation 
has to be economic. The manufacturers of gas cutting 
equipment have not been slow to meet the need, and 
there is now a wide variety of automatic and semi- 
automatic machines for profiling, bevelling, and for 
making special cuts. 

The smaller shop, using mainly hand cutting 
torches, can easily adapt them for powered mechanical 
cutting by using the new Suffolk Iron Foundry Colibri 
cutting machine. This is a clockwork unit to which a 
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normal hand cutter can be attached. Guide wheels on 
the motor housing and at the rear of the torch control 


the unit for straight line or circle cutting. Over 10 ft of 


cut can be made on one winding, and the speed ts 
infinitely variable between 6 and 24 in./min. This 
seems to be a tool that should be in every workshop, 
even in the largest where every other cutting facility 
is available. 

The British Oxygen Company’s computor-control- 
led flame profiling machine, on the other hand, ts 
hardly suitable for even the moderately sized fabri- 
cator. Even the 1/10 scale model at the Exhibition was 
an impressive machine. For the modern shipyard in 
particular the application of computor control has 
many advantages. Templates are unnecessary, there 1s 
no need for the compilation of offset tables, and the 
work in the mould loft is reduced to a minimum, for 
accurate plate sizes and shapes can be deduced directly 
from the naval architect’s lines. The machine itself has 
two cutting heads mounted on a transverse boom, 
which travels along a fixed central track. The hydraulic 
of the workpiece. A photoelectric scanning device and 


Weldcraft automatic 
weld made with powder flux 
weld made with automatic 
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an electronic control system are incorporated in the 
tracer head of the machine, which is based on the 
standard Hancomatic profiling machine with the 
addition of the built-in Hancock roller drive. The 
machine can be set to compensate automatically for 
the width of cut, for different thicknesses of plate, and 
small overall inaccuracies in profile are eliminated. 

The preparation of branch ends for welding to pipe 
is a complex problem. Not only has the branch to be 
shaped to fit comfortably the curved surface of the 
main pipe, but the edges must be bevelled with 
transitions from butt to fillet welds. 

At the last Exhibition, C. S. Milne & Co. Ltd., 
demonstrated their solution in the Vic profiling and 
chamfering machine. This has now been modified to 
work with the pipe in the horizontal position, so that 
length of pipe is no longer a difficulty. 

In the same field, the new Saturn-Alyn pipe cutter 
provides a device by which fifty, or in a larger model 
105, different profiles can be selected with ease. It 
cannot be doubted that with machines such as these 
Class A welding of pipe connections is more easily 


(a) Bronze 
(b) similar 
Auxing, show- 


Nuxineg 


ing absence of flux residue, oxidation, or 


porosit\ 


Hancomatic profiling machine fitted with 


Hancoline electronic 


servo motors controlling both the boom carriage and 
the cutting heads are governed by a Ferranti magnetic 
tape controlled mechanism. Additional controls deal 
with the flow of gases and other requirements of the 
cutting torches 

The nature of the cut is determined from a planning 
sheet from which the controlling magnetic tape 1s 
produced by means of a Pegasus computor and a 
digital differential analyser 

lhough this is a specialized machine it shows clearly 
a means of eliminating many of the intermediate 
stages of preparing material for welded fabrication. 
Fhis can lead not only to considerable economies but 
to greater accuracy in edge preparation and 
opportunities for error 

An outstanding development in another direction 
has been shown by the Hancoline profiling machine, 
produced by Hancock & Co. (Engineers) Ltd. If one 
was not aware of the dramatic developments that 
occur in this Company’s products from time to time it 
would be tempting to believe that this machine had 
reached the ultimate in operational simplicity. Instead 
of dimensioned templates or carefully corrected draw- 
ings all that is needed is a simple pencil line drawing 


less 


fracer 


assured than with any hand-cut preparations. Another 


specialized, but extremely useful machine in the 
structural shop was being shown by Milne; an 
apparatus for cutting simultaneously the flanges and 
webs of rolled steel joists at any angle up to 45°. Again 
this is a job which cannot be done with normal flame 
cutting machines, and it requires considerable skill 
to make an accurate preparation by hand. The three 
models available can deal with joists from 6 x 3 in. to 
36 * 164 in. 

Though not entirely new, the Weldcraft Gas Fluxer 
also demonstrated the trend towards automatic 
control, even in the essentially manual field of gas 
welding. Demonstrations clearly showed the advan- 
tages of eliminating guesswork from the usual manual 
application of flux. Apart from the greater ease of 
welding it provides, this process commends itself 
where the appearance of the finished joint is im- 
portant 


Manipulators 

Since automatic welding, for economic use, needs 
lengthy runs of weld, and can be used on heavy 
assemblies, some form of positioning and manipulating 
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device is often incorporated in the equipment, 
either for moving the automatic head or for the work- 
piece. For some time this need has been met by the 
production of specialized manipulative equipment, 
but there is now a tendency, shown by some of the 
exhibits, towards the design and manufacture of 
devices that can serve various purposes. For example, 
column mounted welding head positioners, as made by 
F. Bode & Son, Lincoln Electric Co., Donald Ross & 
Partners, and Yates Plant Ltd., enable the automatic 
welding head to be placed in any position, and it can 
be turned a full 360° so as to continue to operate on a 
separate assembly while the completed one is removed 
and replaced. This provides the high duty cycle so 
essential to expensive automatic equipment. 

Ingenuity is also being shown in other equipment 
for the alignment and rotation of pipes, self-balancing 
positioners and turning rolls, and a Twinner internal 
circumferential welder for butt welding of dished ends 
and the like. There is evidence in all this equipment 
that greater attention is being given in the design to 


elf-adjustment, increased rigidity without sacrifice of 
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mobility, and greater accuracy in the positioning and 
tracking of the welding head 


Resistance Welding 

One of the most encouraging signs in the field of 
resistance welding is the increasing confidence shown 
by the aircraft industry in this form of joining materi- 
als. The stand of Sciaky Electric Welding Machines 
Ltd. was most heartening from this aspect, for it 
included many examples of spot welding on the 
Handley Page ‘Victor’, all made with the Company’s 
3-phase Modu-Wave equipment 

Increasing use of the process is being made by the 
automobile industry, and special machines for auto- 
matic welding were demonstrated by the British 
Federal Welder & Machine Co., and A.R.O. Machin- 
ery Ltd... who are now mounting many of their 
portable tools on jigs. Developments in rapid flash 
butt welding machines were also shown by Fuller 
Electric Ltd. and Electro Mechan-Heat Ltd.. whilst 
useful measuring instruments, already briefly described 
in the Journal, were exhibited by Hirst Electronics Ltd. 


ATTACK ON A HOT THIN ROOT! 


C. A. Terry and W. T. Tyler (Imperial Chemical Industries 
Ltd., Metals Division) wrote: We read with much interest 
the paper by Wilkinson, Cottrell, and Huxley* which was 
concerned with the calculation of hot-cracking suscepti- 
bility in low-alloy when welded by the inert-gas 
tungsten-arc process. There is much value in the attempt 
made to generalize the influence of compositional features 
on hot cracking, even though the empirical approach 
employed does not enjoy sound theoretical backing.' 
However, firm pronouncements on the particular H.C.S 
value to be used as a guide in selecting steels for tungsten- 
irc welding are misleading, for the H.C.S. formula does 
not take account of many other factors known to influence 
the incidence of hot cracking. Thus, while accepting the 
ranking of hot-cracking susceptibility of the steels as 
determined by the Houldcroft test, we feel that the conclu- 
sions drawn from the correlation with production trials are 
specific to the authors’ work and are not generally true. To 
illustrate the point, we have applied the formula to results 
we obtained with a number of different steels, welded 
under pilot-production conditions, and have then drawn 
the comparison between calculated cracking susceptibility 
and production welding experience on the same basis as 
that described in the paper. From our table A it is evident 
that steel E with H.C.S. value 7-9 gave no trouble in pro- 
duction, whereas steel D with a value of 5:1 gave very 
considerable trouble, indicating that the H.C.S. formula 
is developed, is unreliable. In our opinion there are two 
reasons for this: Firstly, it is probable that the particular 
welding conditions employed (including backing methods 
and jigging) exert a large influence on production welding 
behaviour: secondly, there are several metallurgical factors 
of importance which do not find recognition in the H.C.S 


steels 


Some discussion on recent papers on hot cracking in steel 
and aluminium alloy welds 


formula. The difficulty encountered with steel D illustrates 
the second point, for the marked susceptibility of this steel 
was demonstrated to be due to microstructural features of the 
parent sheet, ‘banding’ being particularly deleterious.* The 
authors are aware of this feature* and have endeavoured to 
define the type of microstructure by measuring ‘carbide 
size’. They do not state, however, whether sheet used in 
production was similarly examined, notwithstanding the 
fact that parent plate characteristics could be highly 
relevant to the cracking experienced in production and yet 
probably totally irrelevant to cracking induced in the 
Houldcroft test 

The possible influence of microstructural features on 
cracking encountered in production is discussed in the 
paper, and the authors have conjectured on the likely 
effects of carbide size, citing the work of Voldrich and 
Williams‘ in support of their supposition that resistance to 
hot cracking in the heat-affected zone would be related to 
the size of carbide particles in the structure. Whilst their 
supposition might prove to be correct, the work of 
Voldrich and Williams can hardly be held to support this 
view, dealing as it does with cold cracking. Their further 
argument that heat-affected zone cracking was aggravated 
because ‘crack-resistant’ carbon-manganese filler wire was 
used in production also needs qualification, for in our 
experience® severe cracking may occur in welds so made. 
This is not wholly surprising, bearing in mind that weld 
metal in practice contains only 20°, or less of filler wire,® 
high dilution being necessary to confer heat-treatment 
response equivalent to that of the parent plate. Thus weld 
metal in steel E welded with filler 1 (Table A) would have 


*Brit. Welding J., 1958, Vol. 5, pp. 557-562 
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Table A 


Production results 





el Steel Steel Steel Steel Filler 
B ( D I / 
Hytuf 4130 4130 4130 DAS6A 
0-29 0-32 026 O32 O14 
1:36 0-56 O51 0-51 1-28 
1:46 0-13 O-21 O-22 0-20 
0-024 0-027 0-015 0-029 0-018 
0-021 0-025 0-030 0-030 0-030 
1-06 O98 O96 0-96 0-05 
0:37 0-13 0-23 0-25 N_D 


Composition, ‘ 
Carbon 
Manganese 
Silicon 
Sulphur 
Phosphorus 
Chromium 
Molybdenum 
Vanadium 
Nickel 1-82 
DES 6:4 
No. of welds made 5 46 
Percentage cracked , 0' 


0-18 
6:56 7-92 
250 30 
0”, a 





a calculated H.C.S. of 6°5 compared with a parent plate 
H.C.S. of 7°92. Is it not possible that parent-plate hot 
cracking is related to sulphur segregation independently of 
carbide size? Since no real evidence has been presented to 
support the supposition in regard to the effects of carbide 
size, we feel that even the conditional conclusion concern- 
ing this aspect of cracking must be regarded as premature 

We were interested in the authors’ choice of parameter 
by means of which hot-crack susceptibility was measured. 
Crack length, normally measured in Houldcroft tests, is 
simply related to ‘beam width’, as defined on p. 558 of the 
paper provided that the weld width is maintained constant 
Nevertheless, the authors have deemed it necessary to 
qualify their statement that it is important for the purpose 
of obtaining comparable results to maintain constant 
welding conditions, to the effect that variations in weld 
width are to some extent taken account of by measurement 


of beam width, thus implying that beam width is independ- 


ent of weld width. This may indeed be so, but it is such an 
important point that experimental evidence of its validity 
should be presented. By implication, crack length in a test 
made with a wide weld bead should be shorter than in a 
test made with a narrow weld bead. In Houldcroft’s 
original paper’ the effect of variation in weld width on 
length of cracking was not discussed directly. It was, how 
ever, stated that increase in welding speed and welding 
current increased the severity of the test. An increase in 
welding current normally gives a wider weld bead, so that 
according to Houldcroft a longer crack length would be 
expected. This behaviour would not be consistent with the 
concept of beam width as described by the authors 

The authors expressed their intention of investigating 
the influence of welding speed on their H.C.S. values as 
already determined. The Houldcroft test is an excellent 
comparative hot-cracking test but like many similar tests it 
gives results which must te interpreted with caution if they 
are to be correlated with production welding conditions. 
It is not possible to measure any of the basic parameters 
that control hot cracking in the Houldcroft test, so that if 
testing conditions are radically altered there can be no 
guarantee that the hot-cracking susceptibilities of the 
steels discussed in the paper will be the same or even fall in 
the same order, although they would be expected to do so 
Moreover the geometry of cracking in the Houldcroft test 
is very different from that of cracking encountered in pro- 
duction so that it may not be possible to use the relation 
between H.C.S. and welding speed determined by Hould- 
croft tests to predict the relationship between welding 
speed and production cracking, which as reported pre- 
viously® is not simple. Moreover, even this well-established 
relationship for SAE.4130 steel does not necessarily hold 
for other steels, even those of greater susceptibility as 
calculated by the H.C.S. formula. For example, our steels 
4 and B do not exhibit hot cracking in the welding speed 
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range 3-10 in./min., whereas steels of the same type as 
C, D, and E all crack at some speed within this range 
Thus, work carried out to determine the influence of weid- 
ing speed on crack sensitivity by means of Houldcroft 
tests, whilst being of considerable value in expanding 
knowledge on characteristics of the test, may prove 
abortive for use in predicting production welding beha- 
viour 


P. T. Houldcroft (British Welding Research Association) 
wrote: In view of the recent references in the pages of the 
Journal to the weld hot cracking test, for which it now 
appears I must accept personal responsibility, it may be 
helpful to review briefly what the test was intended to do 
and what is known about the mechanism of its operation. 

This test was devised as a means of investigating the 
susceptibility of a material to hot cracking, and by its very 
design it is incapable of revealing any other type of crack- 
ing. It would probably be more accurate to describe it as a 
test for the effect of composition on the tendency to hot 
tearing. The selectivity of the test is an advantage over 
many other tests which simulate actual welding conditions 
more closely, because in these tests there is sometimes 
doubt as to the type of cracking that has been produced. If 
the test has beemproperly carried out and the results are at 
variance with experience, as has been noted in recent work 
on aluminium bronze by Terry and Taylor,® this does not 
necessarily mean that the test is unreliable. It is much more 
likely that the results are irrelevant, and that the cracking 
observed in practice is not of the super-solidus or hot- 
cracking type. 

Because hot-cracking resistance is a fundamental prop- 
erty of a material, results obtained with 16 s.w.g. thick test 
pieces to determine the effect of composition, are equally 
applicable to material of any thickness, and there is no 
need to scale up the test. Due allowance should be made 
with thick material for segregation effects, however, and 
here there comes to mind the interesting possibility of using 
the test to examine the hot-cracking tendencies of various 
bands in thick material. The test was originally developed 
for 16 s.w.g. material, but has been used successfully with 
} in. material and this thickness can sometimes give more 
tolerance if the test is being used manually with the addition 
of filler material. If 4 in. thick material is used, the linear 
dimensions of the test piece must be increased by 50°, over 
these for the 16 s.w.g. material and the welding current 
should be doubled to obtain results of the same order. It 
will be seen that the test is principally of research interest, 
being suitable for investigating the effect of parent metal 
and filler metal composition on hot cracking, and that it 
takes no account whatever of the effect of welding variables 
on hot cracking. 

The size of the test pieces for any given material depends 
partly on the thermal conductivity of the material. Speci- 
men width is the most critical dimension and this should be 
chosen so that in a strip of material without slots the crack 
would follow the entire length of the weld bead. It is 
important when designing the test piece to have some 
material of known crack sensitivity available so that the 
right severity of test may be obtained. With aluminium 
alloys it was known that Al-Mg-Si alloys, like H.30, crack 
severely when welded with parent metal filler but hardly at 
all when Al-10°, Si filler metal is used. The size of the test 
piece and the test conditions for aluminium alloys were 
therefore chosen so that adequate discrimination was 
obtained between the results of tests made with H.30 filler 
and tests made with Al-10°% Si filler 

A similar procedure was adopted when devising the test- 
piece dimensions for steel sheet, used by Wilkinson, 
Cottrell, and Huxley. In this instance three samples of 
steel of known behaviour in production were obtained, and 
test-piece size and welding conditions were chosen so that 
maximum discrimination was obtained. Actual results for 
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two of these samples were a crack length of 1-3 in. for steel 
giving 67°., of production welds cracked, and 0-8 in. crack 
length for steel giving 8 
(Fig. 5 of their paper). The fact 
obtain a correlation between the cracking test and produc- 
taken as that the failure in 


production was hot cracking 


of production welds cracked 
that it was possible to 


ion welding was evidence 


adopted the criterion of “beam 
instead of the 


justification for 


These authors have 
vidth’ for 

imple measurement ol 
tated to be that 
in on the melt run at the 
It can be 


2 
weid pool 


sing the results of the test 
crack length. The 
beam width is a measurement oft 
it which the crack 
irgued, however, that it ts 
ind between weld 
which really dete 
the freezing material ts subjected 
The chief merit o beam width in the 
ippears to be that it might compensate the 
results for misalignment of the melt-run. It would probably 
be best to report the results on the basis of mini- 
width and not the 
Suggested. Errors in placing the melt-run on the test-piece 
ire not accounted for when averaging a number of results 
deviation from the centre line must always 


isses 


ms iss 
aac point 
ceases to propagate 
the conditions ahead of the 
ind the 


ne the 


pool base of the nearest slot 


strai to which 


f 


measuring Way 


suggested 


howevel! 


mum beam average of both sides as 


because any 
give a low result. Accurate welding is therefore essential, 
ind one of the disadvantages of the multiple type test piece 
is that alignment of the test weld is sometimes affected by 
distortion of the test specimen. In an accurately made test 
the beam width is directly proportional to crack length, 
and since this is a more easily measured quantity there is 
If beam widths on either side of the 
crack show much deviation, it might be better to improve 
of welding or to discard where the 
deviation has exceeded a nominal amount 

Since the severity of the test depends on strain produced 
by temperature gradients within the test piece, it follows 
that the range of materials, when using a 
constant size test piece, must depend to a large extent on 
their relative thermal conductivities. Small differences in 
can be compensated by adopting the 
constant weld width. Evidently the authors 
encountered variation in weld width because they 
claim that ‘measuring beam width takes some account of 
weld width’. It would be interesting to know if these 
variations were random or whether they were associated 
with variations in physical properties of the alloys investi 
gated. I consider that it is better to aim at constant weld 
width by setting current and adjusting speed (or vice versa) 
than to keep both current and speed constant as was 
suggested by the authors. Even when this precaution is 
would be somewhat hesitant about 
the results of tests on low-alloy steels 


much in its favour 


the accuracy tests 


results for a 


conductivity, etc., 
criterion of 


some 


taken, however, | 
comparing directly 


vith those ona l3 chromium steel 


Authors’ Replies 
We agree with Terry and Tyler that factors other than 
steel composition can influence the hot-crack sensitivity of 
welded joints, but since our production welding conditions 
controlled this enabled a_ satisfactory 
correlation to be made with Houldcroft test results 
Terry and Tyler do not mention the consistency of their 
welding conditions except to state that steels C, D, and FE 
10 in./min. It is quite 
to see how they can produce the results 
Table A, i.e., by a variation of welding speed. It 


has 


ire Strictly 


crack at some speed in the range 3 
easy, therefore 


shown in 


should also be noted that the steel we used was substanti- 
ally free from banding and in general of a uniform carbide 
Terry and Tyler may well 


size, whereas the steels used by 
have been banded 
It is interesting to note the comments on carbide size. 


Terry and Tyler appear to doubt that the ‘tying-up’ of 
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carbon as carbide reduces the hot-crack sensitivity of the 
heat-affected zone. This could infer that carbon does not 
affect hot cracking, which is contrary to widely held 
beliefs including their own published work.* 

The work of Voldrich and Williams* illustrates the 
effect of spherotdizing on cold cracking and shows how 
partial removal of carbon from the lattice prevents the 
adverse effects of this element, but perhaps this similarity 
was overlooked. Also, as we mentioned in an earlier paper, 
grain boundary films and hot cracks are possible sites for 
later cold cracking; in fact the severity of cold cracking 
may well be affected by hot-crack sensitivity 

Where Houldcroft’s statement refute our 
Suggestions on the effect of weld width on cracking, the 
unsound. In fact Houldcroft stated that an 
increase in both current and welding speed increased test 
these effects not being investigated separately.'” 
it is therefore not possible to obtain the separate effect of 
weld width on crack severity from Houldcroft’s results 

Finally, it is agreed that the Houldcroft test may not be 
the best means of determining the effect of a wide range of 
welding speeds on hot-cracking susceptibility but a modifi- 
cation of the test may well be suitable 

The discussion by Houldcroft ts 
number of useful points are raised. The suggestion to use 
the test to examine the hot crack sensitivity of various 
bands in thicker material could well have practical signifi- 
cance, since it is known that there is often segregation of 
carbon and the like at the mid-thickness of steel plates. In 
this way the effect of this segregation on weldability could 
easily be studied, 

The comments on beam-width measurement are inter- 
esting, but since a better correlation with production 
results was obtained using this method of measurement, it 
is thought to be generally more satisfactory than crack- 
length measurement. The effect of composition on weld 
width was not marked when comparing the | °., chromium- 
molybdenum steel with the 13°, chromium steel. However, 
the various batches of 1°, chromium-molybdenum steel 
did in some instances give different weld widths at the 
same current and welding speed, and this was another 
reason for adopting the beam-width criterion 

In conclusion, a recent search of Russian literature has 
produced a paper by Bardin and Lukashevich-Dubanowa!"! 
which states that sulphides form stable compounds with 
alloy carbides, e.g., chromium, molybdenum, vanadium 
This compound formation is likely to reduce the amount 
of low-melting-point sulphides present and would account 
for the beneficial effect of chromium, molybdenum, and 
vanadium noted in the H.C.S. formula 


is cited to 
inference 1s 


severity 


interesting, and a 
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Cracking of Low-Alloy Steel Weld Metal 


This is the second part of a paper on the weld metal cracking of low- 
alloy steels. It describes work on the effect on fissuring of welding 
variables which control cooling rate, as well as of weld metal alloy 
content, and of weld restraint. The relation of fissuring to heat- 
affected zone cracking is indicated, and a bead-on-plate test procedure 


B.W.R.A. REPORT 


By for evaluating cracking from a given combination of electrode and 
- plate is described. 


T.E.M. Jones, B.SC., A.1.M. 


Results show that the degree of fissuring increases with bead size, 
plate thickness and weld restraint, and is related to the nickel and 


chromium contents of the weld. 


UCH effort has been devoted to the study of 
cracking in the heat-affected zones of welds 


made in low alloy structural steels. However, 
the safety of joints depends also on a weld metal free 
from harmful defects. 

Cold cracking, which occurs at about 100°C., is 
often on the micro-scale, and is referred to in this 
report as fissuring. Its detection normally requires 
microscopic examination, although major cold crack- 
ing sometimes occurs; the presence of the defect is in- 
variably associated with low ductility of the weld metal. 

To prescribe materials and welding conditions 
ensuring freedom from these defects, it is essential to 
understand the factors controlling cracking of the 
weld metal in low-alloy steel joints. This investigation 
was intended to define conditions of freedom from 
fissuring in the weld metal, which would also give 
freedom from heat-affected zone cracking. Alterna- 
tively, it was intended to specify a test which would 
detect the liability of a given combination of electrode 
and parent plate to cracking in the weld metal. The 
effect of the chemical composition of the deposited 
weld metal has been studied, and some work has been 
done on the effect on fissuring of factors which pri- 
marily affect the rate of cooling of the weld. Such 


factors are the size of electrode used, the thickness of 


the plate which is to be welded, and preheating. 


Present State of Knowledge 


Occurrence and form 

It was early recognized that fissures occur in welds 
made from electrodes of high potential hydrogen.' 
Their appearance was described by Bland? as inter- 
dendritic cracks in the columnar structure of the bead 


This has been confirmed by Warren and Vaughan* 
who found that propagation was along the direction 
of columnar growth, and was often confined to the 
ferrite band between the carbide crystal growths. They 
also found that fissuring was mainly associated with 
inclusions, either in ferrite or between ferrite and 
carbide columnar growths. More recent metallo- 
graphic examination by Vaughan and de Morton* has 
demonstrated that the defect is of a brittle nature, /.e. 
cleavage along ferrite planes (Fig. 1). 

Observations by Christensen and Rose® on the 
distribution of the cracks in a single bead weld, 
established that the maximum density of fissures 
occurred towards the centre of the width and depth of 
the bead, and fell off sharply at the edges of the weld 
metal. Confirming the results of earlier investigators, 
they found that the orientation of fissures was such 
that few were revealed by sections taken transverse to 
the line of the weld. Longitudinal sections parallel to 
the plate surface have been found to reveal the maxi- 
mum overall fissure density. Measurements of fissures 
were made by these investigators, who found that 
lengths varied from 0-05 to 0-0005 in. Fissures, there- 
fore, are not detected by ordinary radiographic tech- 
niques, and metallographic procedures must be used 
Although fissures may be examined in mechanically 
polished and etched specimens, it has been found that 
they are most conveniently revealed by electropolish- 
ing in a suitable electrolyte, since this treatment 


Part 2 of Report FM. 3/128 58 of the British Welding Research 
Association, issued to members in December, 1958. Part | 
was published on pp. 282-290 of the June issue of the Journal. 

Mr. Jones, formerly a Research Officer with the Association is 
now with Head, Wrightson and Co. Ltd. 
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pical fissure in ‘as-deposited’ weld metal 2000 


exaggerates their width by local electrolytic attack at 
the crack edges 


Factors influencing formation of fissures 


Hydrogen—Most investigators agree on the major 
influence of hydrogen in causing this defect.*: 7+ * It 
has been found by Rollason and Roberts,’ and by 
Warren and Vaughan that a loss in ductility in class 2 
(BS.1719) welds occurred, even when fissure forma- 
tion was prevented. This was not substantiated by 
Flanigan and Micleu® who found that prevention of 
fissures produced metal of normal ductility in welds of 
high potential hydrogen. Restoration of the ductility 
by a heat treatment of | hr at 650 C. proved that the 
loss of ductility reported by the earlier investigators 
was temporary. Loss of ductility due to presence of 
fissures is permanent, and is not affected by subsequent 
heat treatment 

In an investigation relating ductility of weld metal 
from both class 3 and class 6 electrodes to diffusible 
hydrogen contents, Vaughan and de Morton* effec- 
tively demonstrated the ductility loss induced by the 
presence of 10 ml of hydrogen per 100 g of weld metal 
It appears from their investigation that fissures result 
from an embrittled condition of weld metal due to 
cooling under stress 
Bland* found that applying a water 
min after completion of welding caused 
fissuring. No fissures appeared when the water quench 
was applied 3 min after completion of welding 

Flanigan, Bocarsky and McGuire® found that 
severity of low-temperature cooling 
gave lowered ductility of weld metal. Pronounced 
ductility loss was reported by Rollason and Roberts 
when 100°C. in less than 
No fissures were obtained with low-hydrogen 


: 
Cooling rate 


quench | 


ncreasing the 


a weld bead was cooled to 
min 


lectrodes. Increased fissuring with faster cooling rates 


was also demonstrated and, for elimination of fissures, 

100 C. preheat was recommended for thick plate 

The benefits of preheating were investigated by 
Flanigan and Micleu who found that. in welds sus- 
ceptible to fissuring, a preheat of 50°C. was sufficient 
to reduce the low-temperature cooling rate and so 
prevent fissuring. They found, too, that although 
incipient fissuring took place at 120°C., most of it 
occurred below 100 ¢ 


Alloy content—This has been studied to a limited 
extent by Rollason and Roberts who found that 
additions of molybdenum, chromium and vanadium 
first reduced and then increased the severity of 
fissuring. Optimum contents were 0°8°, Mo and 
0-35° each of Cr and V. Additions of up to 0-8°% Ni 
gave no change in the fairly high level of fissuring, and 
although weld metal with 0-15°, Mn showed no 
fissuring, it became very prevalent with an increase to 
about 0-55°, Mn. The cooling rates at which these 
indications were obtained were not stated. 


Importance of the defect 

Mechanical tests were carried out on fissured welds 
by Flanigan and Kaufman* who showed that fatigue, 
tensile, and notched impact properties were impaired 
by the presence of the defect. The low ductility obtain- 
ed on rapid cooling has been amply demonstrated. 
Some investigators have found that, even without 
defects, rapidly cooled welds have low ductility which 
may be restored by heat treatment, i.e., the embrittle- 
ment is temporary where fissures have not occurred. 

A correlation between the incidence of fissuring and 
major cold cracking was found by Warren and 
Vaughan, who demonstrated that weld metals sus- 
ceptible to fissuring (i.e., of high hydrogen content) 
also cracked at low levels of restraint in the Lehigh 
butt cracking test.1° Vaughan and de Morton con- 
sidered that ‘‘a transition exists from embrittlement, 
through fissuring, to major cold cracking”. In the 
presence of a strain greater than some critical value, 
the temporary, hydrogen-induced, embrittlement will 
allow any crack formed to propagate to complete failure. 


Materials 


Since an immediate objective of the investigation 
was to devise a test for the assessment of fissuring 
tendency, steels which were freely available were 
chosen (Table I). Although these could not give precise 
informatien on the effect of any one alloying element, 
the low-alloy steels tested include some that are 
widely used, and the information yielded should be ot 
practical use. 

For most tests, a rutile coated electrode, code E, 
BS.1719 class E3 was chosen. A range of sizes of the 
electrode which had been coated from the same batch 
of paste was obtained. Except where otherwise speci- 
fied, each electrode was baked at 150°C. for } hr im- 
mediately before use 


Experimental Procedure 


At an early stage of the work it was obvious that a 
suitable testing procedure would first have to be 
established 

Therefore, using one material, the influence of weld 
cooling rate was investigated by systematic variation 
of the severity of cooling. Initial tests were made by 
water-quenching bead welds on small test pieces. It 
was thought desirable, however, for the rate of cooling 
to vary uninterruptedly throughout the cooling cycle 
as in a normal weld. Accordingly, a procedure was 
devised in which the cooling rate was varied by altering 
the heat input to the plate by using different electrode 
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Table I 


Compositions of steels used in tests 





inalyses ‘ 

Type : S P Mn Ni 
Mn/Ni/Cr/Mo , 0-027 0-016 1:14 0-23 
Mn Mo 2 0-029 0-029 1-56 0-38 
C Mn 0-053 0-029 1-63 0-05 
1°.Cr/4Mo 0-047 0-033 0:44 0-085 
5°-Cr/}Mo 0-006 0-005 0-41 0-33 
Mn Mo 0-025 0-038 1-55 0-40 





sizes, retaining a standard plate thickness. Since Table Il 

cooling rate may be noi the only important factor Fissure counts on welds made on Mn-Ni-Cr-Mo steel B with 

altered by weld size variation, plate thickness as well as electrode E 

weld bead size was varied for one steel 
Roberts and Wells!! state that, to ensure ‘infinite leat Wellin Pe ee 

plate’ cooling conditions in a weld on a plate, the Gauge _ per 3 in. speed energy, of fissures weld 

width of the plate material on either side of the weld swig. weld, in. in./min kJ jin per sq.in. defects 

must be at least ten times the melted width. It was 1 in. thick plate 

desired in this investigation that boundaries, other than 12 4-5 ; 340 None 

the under surface of the plate, should not interfere 425 None 

with the progress of cooling, and, accordingly, the test 10 4-5 10S None 


: s N > 
piece illustrated in Fig. 2 was used. A succession of z “p- , — 
: R 65 None 


welds 3 in. long was made side by side along a plate 140 None 
about 4 ft long and 9 in. wide, with at least 9 in. of 3:75 295 None 
plate left free of welds at each end. Each weld was 230 None 
allowed to cool for more than 4 hr before the next one oan ea 
was made. 435 None 
The arc energy was measured with an integrating 335 None 
watt-hour meter. Records were taken of arc time and 425 None 
welding current. In a few instances chromel-alumel 560 None 
thermocouples were inserted in the keat-affected zones } in, thick plate 
of the weids, to record the thermal cycles. 12 4:5 
Since a quantitative estimate of the severity of 
fissuring was desirable, each weld was sectioned for 0 cate 
metallographic examination. A portion j in. long was 7 None 
cut from the centre of each weld and its transverse face 2 0 None 
was roughly polished and etched to reveal the weld 0 None 
metal profile. The top surface of the weld was then . + nee 
machined off to half the melted depth, as revealed by 50 None 
etching. It was expected that the maximum density of 14 None 
fissures in the weld would be at the weld centre. B None 
Although ordinary metallographic polishing and ro “tree 
etching revealed fissures to some extent, to make esti- 35 None 
mation of their surface density easier an electrolytic 12 None 
etching technique was used, as suggested by Iboden 
and Sibley.!” 





Electrode 


Hahbu buwn 


> 


60 None 
11 None 


10 5 5 None 


SuUuUun 
on-oex 


PEEADE REY 
PNK KON YwOAUY 


1} in. thick plate 
12 3°5 


330 None 
4:5 72 


2 None 
160 None 
470 None 

90 None 
90 None 
150 None 
None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 
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2—‘Long-plate test’ for fissured weld metal 
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The polishing solution consisted of 65 ml of phos- 
phoric acid, 15 ml of sulphuric acid, 5 g of chromic 
acid, and 15 ml of water. 

A current density of 4-14 amp/sq.in. was used for 
about 15 min. Where examination for heat-affected 
zone cracking was desired, the transverse face, referred 
to above, was used after electropolishing. 

To estimate fissuring severity, a count of all the 
fissures at the surface of each section was made by 
systematic traversing under a microscope at a magnifi- 
cation of about 100. No distinction was made 


Table Ill 
Fissure counts on welds made on various steels with electrode E 





Under- 
head 
cracking, 
Number , of 
of fissures fusion 
per sq. in line 


Electrode 
Length 
per 3 in 


We lding irc 
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owe weld, in in. min 
1 in. thick C-Mn steel F 

; R-4 13 850 
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Cauge energ\ 
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160 
390 
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280 
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12 : 605 
175 
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3-0 

4-0 

5-0 


1470 
1690 
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6-0 47 710 
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4-0 31 570 
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6-0 SI 330 
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4-0 53 590 
5-0 67 310 
6-0 75 230 
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* Every weld showed 
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underbead cracking which was not 
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between different sizes of fissures, and an intermittent 
micro-crack in a single locality was regarded as a 
single fissure. The results were expressed as fissures 
per square inch. The average width of the weld bead 
at six places and the length of the section were used to 
give sectional area. Checks by independent observers 
showed that the variation in estimation of the number 
of fissured was about +5 where there were about 200 
fissures per section, while counts on only slightly 
fissured specimens could be duplicated almost exactly. 
It is considered that, since electropolishing opens up 
the fissures near the surface to a marked degree, all are 
revealed by electropolishing in this way. 

Assessment of fissure orientation was carried out on 
some specimens by noting the direction of each fissure 
with respect to cross-wires in the microscope. It is 
considered that the directional trend of each fissure 
can be estimated to within a quarter of a right angle 


Results and Discussion 


Results of the long-plate tests carried out in this 
investigation are presented in Tables II-VIII 


Bead size 
Effect on cooling rate 


For a given plate thickness the sole variable on 
which cooling rate depends is the amount of weld 
metal deposited per unit length of weld. The relation- 
ship of fissuring to cooling rate can, therefore, be shown 
by a graph of incidence of fissures against electrical 
energy expended for a constant length of weld 

The overall severity of cooling of a weld may be 
quantitatively indicated by considering the rate of 
cooling through a particular temperature. According 
to Cottrell’® the rate of cooling through 300°C. is 
significant, and this criterion of cooling severity has 
been used. Cottrell showed that a linear relationship 
exists between the arc energy and the reciprocal of the 


Table IV 


Fissure counts on welds made on 1} in. thick 1 
steel J with electrode E 


Cr-0-5°,, Mo 





Electrode 
Length Welding irc 

per 3in speed, energy, 
weld, in. in./min kJ/in 
12 3 9 170 
14 850 
18 890 
21 740 
13 250 
18 930 
24 920 None 
33 540 None 
780 None 
740 None 
470 None 
190 None 
560 None 
700 None 
850 None 
260 None 
520 None 
150 None 
660 None 
140 None 


Other 
weld 
defects 


Number 
of fissures 
per sq.in 


Gauge 
twig 
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None 
None 
None 
None 
None 
None 
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Table V 
Fissure counts on welds made on 1} in. thick 5°, Cr-0-5°,, Mo 
steel H with electrode E 





Electrode 
Length 
Gauge per 3 in 
s.w.g. weld, in 


Number Estimat- 
Welding 4rc of ed Crin Other 
speed, energy, fissures weld weld 
in min kJ/in. per sq.in. metal’, defects* 


12 9 10 4560 

7 16 4600 
19 1650 
22 1720 
14 3800 
17 2240 
25 1210 
25 1120 
23 2400 
27 1560 
33 1340 
41 490 
28 760 
41 660 
44 970 
54 460 
41 1600 
51 1320 
68 320 
78 230 
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None 
None 
None 
None 
None 
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A 
None 
None 
None 
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A 
A 
A 
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A 
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* A— Toe crack: B= Underbead crack 


square root of the cooling rate at 300 C. Figure 3 1s 
a graph of these two variables for the tests on | in. 
thick long plate 

To compare the effect of severity of cooling on heat- 
affected zone cracking in the controlled thermal 
severity test with weld metal fissuring in the long-plate 
test, without laboratory facilities, use can be made of 
this relationship between arc energy and cooling rate. 
To make comparison still simpler, bead width may be 
related to arc energy as shown in Fig. 4; a similar 
correspondence exists between arc energy and fillet 
leg length in the controlled thermal severity test. 


Effect on incidence of fissures 
The effect of bead size, or more directly, arc energy 
on fissuring for each steel tested is shown in Figs. 5-12 
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Although sometimes the scatter is considerable, a line 
has been drawn on each diagram to show the general 
trend of fissuring with arc energy. 

In discussing these curves, it is convenient to take as 
a basis that for | in. thick steel B (Fig. 5). This steel has 
the nearest composition to mild steel and would not 
be expected to contribute significant amounts of 
alloying elements to the weld metal. It is seen that 
there is a range of arc energies for which the incidence 
of fissures is at a minimum. Outside this range there ts 
a sharp increase in the number of fissures, both with 
lower and higher arc energies. Thus, there is not a 
simple variation of fissuring with cooling rate, and it 
is possible that bead size variation affects the con- 
tractional stresses in the welds, which in turn influence 
the number of fissures. 

On this assumption, the shape of the curve in Fig. 5 
may be attributed to the combined contributions of: 


(a) Weld contractional stresses, which increase with increase 
of bead width, i.e., from left to right 


Table VI 
Fissure counts on welds made on } in. thick 
steel B with electrode E 
(Incorporating nickel wires in the welds) 


Mn-Ni-Cr-Mo 





Number 
Electrode of 
Number fissures 
of Niin per sq.in. 
fissures weld inequiv. 
Gauge per3in. speed, energy, per metal, Ni free 
s.w.g. weld,in. in./min  kJ/in. — 8q.in. y 4 weld* 
12 4:5 7-7 14 Very 2-80 100 
large 
s 3-5 . 24 122 
6 5-25 nf 48 51 
4 . . 79 5 


Length Welding Are 


1-55 0 
0-88 0 
0-47 





* No other defects were found. 
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(5) Low-temperature weld cooling rate, which increases with 

decrease of bead width, i.e., from right to left 

For a given rate of cooling through the critical range 
of temperature in which fissures occur, a certain mini- 
mum strain is probably necessary to cause fissuring of 
the hydrogen-embrittled weld metal. With the ex- 
tremely high rates of cooling operative at the left side 
of Fig. 5, only a small strain is necessary to cause 
many fissures. With slightly higher arc energies, the 
critical cooling rate decreases appreciably, while the 
strain (which is probably approximately proportional 
to bead width), increases only slightly. At this point, 
the combined effect of cooling rate and strain is not 
sufficient to give many fissures. Further increase of 
bead width raises the strain to a level conducive to con- 
siderable fissuring, while the low-temperature cooling 
rate does not decrease greatly. The decrease in low- 
temperature cooling rate with increasing bead width is 
thought to be represented by a curve which decreases 
in slope with increasing bead width 

The final right-hand portion of the curve shows a 
decrease of fissuring with increasing bead size. This 1s 
assumed to be due to the increasingly long time spent 
at temperatures at which hydrogen is able to diffuse 
fairly freely out of the weld, thus slightly decreasing 
the severity of embrittlement and consequent fissuring 
tendency. This trend is also evident on the same steel 
in greater plate thicknesses (Fig. 6). 

A similar shape of curve was obtained with | in. 
C-—Mn steel F (Fig. 7) and Mn-—Mo steels E and G 
(Figs. 8 and 9) in thicknesses of 1 and 14 in. With the 
Cr-Mo steels, J and H (Figs. 10 and 11) no such trend 
is detected, and it appears that even the low contrac- 
tional stresses in the small welds are sufficient to cause 
high fissure incidence in the presence of the diluted 
alloying elements in the weld metal. 


Effect on fissure orientation 

To study the effect of bead size on the orientation of 
fissures, specimens were selected from welds made at 
three representative arc energies on | in. thick plate B. 

Figure 12 a is similar to Fig. 5, but with an enlarged 
scale of fissure incidence; the electrode gauges used 
are also indicated. Estimates of orientation were made 
on the specimens indicated by numerals (1), (2) and (3) 
on this graph. Results of these are shown in Fig. 125 as 
histograms of the number of fissures lying at various 
angles to the welding direction. 

It is apparent that, in small welds, fissures lie pre- 
dominantly at right angles to the welding direction, 
but as the bead size is increased, the tendency to a 
preferred orientation diminishes. This change in 
orientation of fissures is attributed to an increase in 
the transverse stress across the weld with increase of 
bead size, while the longitudinal stress is unaffected. 
In small beads the major stress is probably longi- 
tudinal, causing transverse fissures. In large beads, the 
longitudinal and transverse stresses are probably 
similar in magnitude, causing the fissures to assume a 
random orientation. 


Plate thickness 

Increasing the plate thickness from } to | in. results 
in a great increase in the number of fissures. In the 
middle range of arc energies on | in. plate, fissures 
were prevalent even at the minimum in the curve 
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(Fig. 5), but on } in. plate no fissures were found over 
an extended range of arc energies from about 20 to 
50 kJ/in. 

Increasing the plate thickness to 1$ in. showed no 
great increase in the number of fissures. Since thicken- 
ing the plate from 1 in. to 14 in. (Fig. 6) causes much 
less of an increase in cooling rate than thickening 
from } to 1 in., the small change in fissure incidence 
would be expected. At 1 in. the limit of increase of 
cooling rate with plate thickness is being approached. 
It seems therefore that plate thickness is more import- 
ant up to | in 


Plate alloy content 

The effect on fissuring of nickel in the weld metal 
was studied to a limited extent by incorporating into 
the weld a nickel wire during welding with a mild steel 
electrode. Nickel wires 0-024 in. dia. were laid on the 
} in. plate of steel B and were absorbed uniformly into 
the weld pool as the arc progressed. 

Analyses were carried out on the resultant welds 
after sectioning and examination. Table VI gives the 
results, together with comparative figures from 
equivalent nickel-free welds. With a nickel content of 
2-8 °%,, and high cooling rates, an abnormal network of 
fissures was found, which was too extensive to allow 
estimation by counting. A weld with an 8 s.w.g. 
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electrode and 1-55°% Ni gave over 100 fissures per 
sq.in. whereas, in the absence of nickel, none was 
found. A similar result was obtained with 0-88% Ni 
and a 6 s.w.g. electrode. With a 4 s.w.g. electrode and 
0-47°% Ni however, the number of fissures was of the 
same order as in a nickel-free weld. It is apparent from 
these limited results that nickel increases the sus- 
ceptibility to hydrogen embrittlement of these mild 
steel welds, as manifested by fissuring. 

To study the effect of chromium, some available 
14 in. plate material of 1% Cr-§% Mo and 5% Cr 
4° Mo was used (steels J and H). A series of welds 
with the rutile-coated electrode was made in the usual 
manner. The arc-energy/fissure curves for these steels 
are given in Figs. 10 and 11. Chromium contents of the 
welds were estimated from measurement of the weld 
dilution at a single cross section. 

Considerable scatter is evident in Fig. 10, but a 
comparison with the curve for a similar plate of lower 
alloy content (Fig. 6) indicates a higher fissure inci- 
dence in the smaller welds on 14°% Cr—Mo plate. 
Further comparison with Fig. 11, for the 5°, Cr-Mo 
plate, indicates that at the higher cooling rates with 
the smaller bead sizes there is a much greater fissure 
incidence, rising to over 4,000/sq.in. at the highest 
rates. Estimated chromium contents of the welds made 
on the 5°% Cr—Mo steel with 12 s.w.g. electrodes were 


90° 





3299 
between 1°4°, and 2:3°.. The presence of these 
amounts of chromium in small welds embrittled them 
to a much greater extent than the lower chromium 
contents that would be derived from the 14°, Cr-Mo 
plate. It is suggested that the minima in the curves for 
the lower alloy steels, which are attributed to the 
effect of stress, have been suppressed by the increased 
embrittlement resulting from the presence of chrom- 
ium. The stress here is probably sufficient always to 
give the maximum possible fissuring at a given cooling 
rate. Curves similar to that of Fig. 11 have also been 
obtained in another investigation, using steels of this 
relatively high alloy content 

In general, the tests on both nickel- and chromium- 
containing welds have shown that, as the cooling rate 
becomes more severe, i.e., as the weld becomes 
smaller, both elements markedly increase the amount 
of fissuring 


Effect of reduced weld restraint 

To ascertain the effect of decreasing the restraint on 
a weld which would normally show fissures, two simi- 
lar welds were made with the rutile electrode on 6 in 
square plates, 14 in. thick. One of these plates was 
slotted transversely to the test weld at | in. intervals to 
a depth of 24 in. on each side, as shown in Fig. 13 
The results of these tests, together with those from 
similar tests on | in. plate are shown in Table VII. 
These results indicate that relief of longitudinal weld 
restraint gave, in both thicknesses of plate, a decrease 
in the number of fissures for a given cooling condition 


Tests with reduced available hydrogen 

Two welds were made by the self-adjusting-arc 
process, using argon shielding. One was comparable 
in bead width to a 4 s.w.g. electrode and the other to 
an 8 s.w.g. electrode. Both were made on 1} in. thick 
plate of steel B and showed no trace of fissuring 
Details are given in Table VIII. For comparative 
purposes, two series of welds were made with low- 
hydrogen (class 6, code AQ) electrodes on 1 § in. thick 


Table VII 


Tests on restrained and unrestrained welds with electrode E on 
Mn-Ni-Cr-Mo steel B 





Electrode 
Length ir: 
Gauge per 3 in Weld test 
weld, in plates AJ iin 


3 14 in. unslotted 46 46 
14 in. slotted 48 18 
1 in. unslotted §2 12 
1 in. slotted 53 0 


Number of 
fissures per 
Sq in 


energy, 


s.W.2 











13—-Slotted test piece for lower weld restraint 
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Table VIII 


Tests with self-adjusting arc welds on 1) in. thick Mn-Ni-Cr-Mo 
steel B 





Fissures 
per sq.in 
3 24 0 
3 1! 2 0 


Time of 
“ elding, S€¢ 


Length of 
weld, in 





1°, Cr-0-5",, Mo steel J. A range of electrode sizes 
was used, and tests were carried out with electrodes in 
the baked condition and also after exposure for 20 
weeks in a damp cellar. Results of these tests are 
given in Table IX. There were no fissures in the welds 
made from baked low-hydrogen electrodes and, 
unexpectedly, none in those made with the exposed 
electrodes. These latter welds. however, showed 
porosity. 


Effect of alloy content of electrodes 

To study the effect on fissuring of the transforma- 
tion temperature of the weld metal, tests were made 
with three lime-basic covered electrodes of increasing 
chromium content. The manufacturer’s specifications 
were 


Electrode 


BH | 
BI 2 
BJ 4 


Composition 

°® Cr-4°, Mo 
l Mo 

6'% Cr-4 Mo 


To produce fissuring with these low-hydrogen 
electrodes, the coating moisture content was arti- 
ficially increased by steaming them for | hr immediately 
before welding. 

The Mn—Mo steel E and C-Mn steel F in | in. thick- 
ness were chosen for these tests, the results of which 
are given in Table X. 

Tests on both steels showed that fissures increased 
significantly in number as the alloy content of the 
electrode was increased from 1}°, to 5°, Cr. It is 
suggested that this is due to the lowering of weld metal 


Table IX 


Fissure counts on welds made on 1} in. thick I 
steel J with class 6 code AO electrode 


Cr-0'5°,, Mo 





Electrode 
Length Welding irc 
Gauge per 3in speed, energy, 
S.W.g weld, in in./min kJ Jin 
(a) Electrodes baked for } hr. at 150°C. before use 
12 4°5 71 15 None 
10 4:5 3 25 None 
8 4 3 31 None 
6 4 5:3 44 None 
4 4: ‘0 62 None 
(b) Electrodes exposed in damp atmosphere for 20 weeks 
before use 
12 4:5 4-6 21 None 
10 4:5 4-6 30 None 


Other 
weld 
defects 


Number 
of fissures 
per sq.in 


None 
None 
None 
None 
None 


None 
Slight 
porosity 
Severe 
porosity 
Slight 
porosity 
Slight 
porosity 


8 4:5 ad None 


4:5 “4 49 None 


4:5 . None 
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Table X 
Fissure counts on welds made on 1 in. thick Mn-Mo and C-—Mn steels with Cr—-Mo electrodes steamed for 1 hr. before welding 





Electrode 
Nominal 
composition 
of deposit, ° 


Length 
per 3 in 
weld, 


Gauge, 


Vo o.W.g in Mn-Mo 


6 -2 


6 > 4:5 3-7 


6 2 


Welding speed, 
in./min 


Number of Underbead 
Arc energy, fissures per cracking, “%, of 
AJ in. sq.in. fusion line 
C-Mn Mn-Mo C-Mn Mn-Mo C-Mn Mn-Mo C-Mn 


6:0 41 46 8 0 0 12 
6-0 41 44 53 43 40 10 
6-5 Ww 850 570 18 0 


36 33 18 3 25 13 
3] 31 150 240 20 17 
33 31 590 960 0 14 





transformation temperature, which effectively de- 
creases the temperature interval in which hydrogen 
can escape freely from the weld before the stage in 
cooling is reached at which hydrogen embrittlement 
and fissuring is manifested. 


Relation of fissuring to underbead cracking 

Cracking in the heat-affected zone of the parent 
plate is a problem similar to weld metal fissuring. It, 
too, may be largely ascribed to hydrogen in the weld, 
and there may be a common mechanism of hydrogen 
embrittlement of weld metal and heat-affected zone. 

To study the relationship between the two forms of 
cracking, two steels were chosen which were known to 
be prone to heat-affected zone cracking. Specimens 
from these welds were examined, and heat-affected 
zone crack lengths were measured and expressed as a 
percentage of the length of the heat-affected-zone 
weld-metal interface across the weld. The results 
(Fig. 5) show that there is a pronounced trend for 
increased underbead cracking with decrease of 
fissuring. Underbead cracking in this context refers 
to heat-affected zone cracking that did not emerge at 
the plate surface in the sections examined. Cracks 
which appeared to propagate from the toe of the weld 
are referred to as toe cracks. Two possible causes of 
this behaviour are: 


(a) The mechanism of cracking is one which involves the 
distribution of hydrogen between heat-affected zone and 
weld metal during cooling, i.e., the relative distribution 
will control which of the two types of defect is more 
prominent 


Relief of stress results from cracks of one type, and 
reduces the stress available for initiation or propagation 
of the other defect 


Conclusions 


This investigation was carried out using bead welds 
on alloy steel plate. It is suggested that this procedure 
could be used as a test for detecting the liability of a 
combination of electrode and parent plate to cold 
cracking or fissuring in the weld metal. The test also 
reveals heat-affected zone or underbead cracking. 


The tests have confirmed that: 


(a) Cold cracking or fissuring in weld metal depends on the 
rate of cooling, whether influenced by heat input to the 
weld, or by increased mass of metal in the weld vicinity. 
Slower cooling reduces fissuring. 


(b) The defect is confined to weld deposits of high potential 
hydrogen content. This was shown by a few tests in which 
the quantity of hydrogen available to the weld metal was 
much reduced, by the use of either the self-adjusting arc 
process (where the atmosphere consists of inert gas), or 
manual electrodes with a low hydrogen coating 


They have also shown that: 


(c) In the presence of hydrogen, such as is present from a 
normal rutile-coated electrode, chromium and_ nickel 
derived from the steel plate increase fissuring 


(d) In tests in which the weld restraint was reduced, far fewer 
fissures were found than in corresponding welds with 
normal restraint 


(e) Orientation of fissures changes with weld bead size, from 
predominantly transverse in small welds to random in 
large welds. 


In some tests a reduction in the amount of heat-affected 
zone cracking was accompanied by an increase of fissur- 
ing 
It is not always possible to assume that conditions 
which give safety from heat-affected zone cracking 
will not lead to the formation of fissures. However, 
reduction of the amount of hydrogen available in the 
arc atmosphere will reduce the likelihood of either 
defect occurring. Since contraction stresses affect 
fissuring, reduction of the cooling rate by some means 
other than the use of large welds will minimize both 
defects. 
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B.W.R.A. REPORT 


Fatigue Tests on Butt Welded Joints in 


Aluminium Alloys HE.30 and NP.5/6 


Pulsating tension fatigue tests have been carried out on } in. thick 
specimens in HE.30 and NP.5/6 alloys containing transverse butt welds 
made by argon-arc and self-adjusting arc welding. Some tests on 
metal-arc welded specimens were included for the HE.30 alloy. The 
results, expressed in terms of comparative strengths obtained at 
2x 10° cycles of loading. that surface conditions (i.e... the 
geometry of the weld) very lar gel) determine fatigue behaviour, so that By 
the welding process, in itself, is not necessarily a significant factor . 
This observation, and actual strength values determined, are in accord 
with the results of other investigations into the fatigue strength of 


show 


R. P. Newman, A.M.1.MECH.E. 


welded, medium strength aluminium alloys 


the development of welding techniques have 

collectively brought about considerable improve- 
ment in the static tensile properties of joints in alu- 
minium alloys, including those of the high-strength 
heat-treatable types. The extent to which such develop- 
ments would give some reward in fatigue properties, 
however, was not known and it was therefore decided 
to initiate a programme of experimental work in which 
tests would at first be confined to the two alloys 
HE.30 and NP.5S/6 which were finding significant 
application in engineering structures. 

A limited approach to the problem was decided 
upon for the first part of the programme so as to derive 
an early impression of the fatigue properties of joints 
welded by different processes. Tests were therefore 
planned on specimens in one thickness of material, 
+ in., containing only transverse butt welds. The 
manual argon-arc and self-adjusting arc processes 
were selected for making butt welds in both alloys and, 
in addition, some tests gn metal-arc welded specimens 
in HE.30 were introduced. The method of fatigue 
testing chosen was axial stressing with a pulsating 
tension cycle, sufficient tests being carried out to plot 
fatigue curves up to 2 x 10® cycles. It was realized that, 
as a maximum, this endurance figure was low by com- 
parison with commonly accepted procedure. How- 
ever, it was intended that the tests should essentially 
provide a comparison of welding methods and it was 
known from American work !: *)% that, for welded 
joints in aluminium alloys, the difference between 
strength values obtained at 2 x 10° and at 10x 10° was 


[ has been recognized that weldability studies and 


First Interim Report C1./2/58 of the British Welding Research 
Association, issued to members in February, 1959. 
Mr. Newman is Chief Research Engineer with the Association 


not so large as to preclude any useful estimate of 
relative performance being made at 2 x 10® cycles 


Materials 


The parent materials used were HE.30 extruded bar, 
6 in. wide, } in. thick supplied in the solution treated 
and aged condition (HE.30—-WP), and NP.5/6 rolled 
plate, 18 in. wide, } in. thick, supplied in the as- 
manufactured condition (NP.5/6M), and their compo- 
sitions are given in Table I, together with ultimate 
tensile strengths, including those of the butt welds 
investigated. 

The filler materials and electrodes were: 

(a) For welding HE.30 
Metal-arc welding 
Argon-arc welding \ 
Self-adjusting arc welding | 

(b) For welding NP.5/6: 
Argon-arc welding | 
Self-adjusting arc welding | 


10°, Si electrodes 
5° Si filler 


NG.6 filler. 


Specimens and Method of Testing 


All the welded specimens were of parallel form, 
1} in. wide, containing a transverse butt weld at the 
centre of length. The plate edge preparations and 
welding procedures used are shown in Figs. | and 2. 
The butt welds shown in these figures were deposited 
in the HE.30 material across the 6 in. width of extruded 
bar, and in the NP.5/6 material across the 18 in. width 
of rolled plate. The 1} in. wide test pieces were after- 
wards cut from these weld lengths and the start and 
finish points were rejected so that all test welds were 
free from craters. With this method of specimen 
preparation, the direction of loading of the test pieces 
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Chemical analyses of materials and ultimate tensile strengths of 


welded specimens 





HE.30 } in. extruded bar (WP) 


Check analysis 


Parent plate 

Argon-arc butt weld 
Self-adjusting arc butt weld 
Metal-arc butt weld 


NP.5 6 } in. rolled plate 
Check analysis 
Parent plate 
Argon-arc butt weld 
Self-adjusting arc butt weld 


Si 1-01 °,, Mg 0-63 


, Mn 0-57 ' 
U.T.S 
Tons, Sq.in 
20°4 

10-8 

14-4 

12-05 


Meg 4:20°,. Si0°17' 


21-7 
19-6 
19-45 





Failed in parent plate. * Failed at edge of weld 
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corresponded with the direction of extrusion or rolling 
Where welds were made from one side, mild steel 
backing bars were used. 

Except for a few check tests on HE.30 specimens 
welded by the self-adjusting arc process, the weld 
reinforcement was left on: the corners of the speci- 
mens were finished by hand to a radius of *& in. No 
post-weld heat-treatment was employed, but all the 
welded specimens were radiographically examined 
before testing. 

Some fatigue tests on plain material in the as- 
received condition were also carried out. For these 
waisted specimens with a transition curve 
between the parallel portion and the enlarged end 
were first used. The form of transition curve was that 
proposed by Salet,‘ giving, for a ? in. wide parallel 
section, a head width of approximately 1} in. In 
general, the mode of fracture obtained with these 


tests, 


(a) Group H,, argonarc welds, welded from one side 
5°, Si filler, yy in. hexagon 
Ist run: 250 amp: 4 in./min 
2nd run: 250 amp. 4 in./min 


Group H, argonarc welds, welded from both sides 
5°, Si filler, 4 in. hexagon 

Ist run: 160 amp.: 34 in./min 

2nd run (after back chipping): 200 amp.: 4 in./min 


Group H,, self-adjusting arc welds, welded from one side. 
5°% Si filler, yy in. dia. 
Single run: 250 amp.: 12 in./min. 


Group H, self-adjusting arc welds, welded from both sides 
5% Si filler, + in. dia. 

Ist run: 200 amp.: 24 in./min 

2nd run (after back chipping): 200 amp. : 30 in. min 


Group H,,, metal-arc welds, welded from one side 
6 s.w.g. 10°% Si electrode, both runs at 200 amp 


HE. 3 


material 


) Group N, argonarce welds, welded from both sides 
N.6 filler, # in. dia 
Ist run: 180 amp: 6 in./min 
2nd run (after back chipping) 


180 amp.: 4-5 in. /min 


Group N, self-adjusting arc welds, welded from both sides 
N.6 filler, s& in. dia 
Ist run: 230 amp 
2nd run: 230 amp 


21 in 
24 in 


min 
min 


NPS 6 material 
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specimens was unsatisfactory, and a few further tests S/N diagrams, Figs. 3a to 3d. Those for NP.5/6 alloy 
were made on specimens in which a 0-6 in. wide are shown in Figs. 4a to 4 

parallel section was increased to 1} in. at the heads The following symbols have been used to identify 
through a fixed radius curve of |} in. The ratios of | the various groups of specimens 

head-width parallel-width were small by comparison HE.30 specimens 

with usual practice, the result of attempting to main- H, Plain material 

tain the smallest machine load at or above 20°, of the H, Argon-are welded from one side 


full load capacity, having available, at the same time H, Argon-arc welded from both sides 
s , H Self-adjusting arc, welded from one side 
a maximum grip width of Ij in H Self-adjusting arc, welded from both sides 
The tests were carried out in two 6-ton hydraulic H.-R Self-adjusting arc, welded from both sides (with 
pulsators of similar type, one at the Metallurgical weld reinforcement removed) 
Laboratory and one at the Engineering Laboratory of Hy, Metal-arc, welded from one side 


Cambridge University. A direct stress, pulsating NP.56 specimens 
N Plain material 
tension cycle with lower limit zero was applied, and . é 
ae PI N Argon-arc, welded trom both sides 


a 


. ' so fre » . ’ . > 
the running irequency was 2000 cycles/ min N Self-adjusting arc, welded from both sides 


Results for HE.30 alloy 


pest Resmi Plain material (H,) 


The test results for HE.30 alloy are shown in the In the initial series of tests on specimens containing 
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the Salet transition curve the four failures obtained 
were located either in the transition curve or at its 
junction with the parallel portion. Using the relevant 
results to plot an S/N relationship, two tests in which 
the specimens were unbroken after exceeding 2 x 10° 
cycles were carried out at a maximum stress of 
7 tons/sq.in. It seemed likely, however, that this stress 
level was too tow to be adequately representative and 
subsequent tests on the fixed radius specimens con- 
firmed this. a strength value of 10 tons/sq.in. being 
obtained at 2 x 10° cycles. 


{rgon-arc welded joints (H,,, H,) 


As shown in Fig. 34, the test results for the two 
groups of specimens with argon-arc welded joints, 
groups H,, and H,, can be enclosed by a common 
scatter band for which the stress limits at 2 x 10° cycles 
are 3-5—6 tons/sq.in 

The first group of specimens tested, H,,, were 
characterized on the top side of the weld by a flat 
reinforcement, sensibly flush with the plate, and on the 
bottom side by a root bead projecting about 4 in. All 
failures obtained in this group were initiated at the 
edge of the root bead and propagated through the 
weld metal. The fatigue area in the fracture surface 
was usually small and there was less deformation in 
the final rupture as compared with that obtained in 
the fracture of HE.30 bar. 

Before cutting out test specimens, the original 
welded plates were examined radiographically. Except 
for the discarded ends of the joint where porosity 
clusters were observed, the welds were free from visible 
defects apart from very occasional spots of porosity. 
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Some of these isolated pores were found on one frac- 
ture surface but it was evident that they had in no way 
influenced crack initiation. 

For the second group(H,), fractures starting from the 
edge of the reinforcement were usually obtained, but 
in two specimens (H,-1 and H,~-2) in which cracks 
had started at this position, the main fractures occur- 
red in the parent metal away from the weld and in the 
grips respectively. By comparison with other results 
there appears to be no reduction of life for these two 
specimens. The two results which are on or close to the 
lower limit of the scatter band were obtained from 
specimens H,-4 and H,-6. The latter was cut from a 
position in the original weld near the end of the joint 
and contained some part of the porosity cluster at this 
position, noted in the radiograph. Specimen H,-—6 
actually failed through the weld, the only one in the 
group to do so. 
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Specimen H,-4 failed from a corner of the section 
near the edge of the reinforcement. At the point of 
initiation of fracture there was a small cluster of what 
appeared to be fissures running through the thickness 
of the specimen. Similar fissures were observed in 
specimen H,~5 which fractured from the edge of the 
reinforcement. The radiographs of the welds concerned 
gave no indication of original defects at this position. 
showed small pores in the weld 
vhich were not of course revealed on fracture surfaces 


and only isolated 


Sel/-adjustine-arc welded joints (H I. H.. H R) 

A common scatter band for the results of all tests 
carried out on HE.30 specimens made by self-adjusting 
arc welding has, as indicated in Fig. 3c, the rather wide 
limits of 2x 10® cycles 


stress 3-5 tons/sq.in. at 


However, there are in effect two sets of results, one for 
specimens welded from one side and one for specimens 
welded from both sides, with respective stress limits of 
approximately 3-5-5-5 and 5-5—7 tons/sq.in 

The specimens in group H,, had a root bead very 
similar in appearance to that of the similar argon-arc 
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joints H,,, and all failures were initiated from the edge 
of this root bead. The top side reinforcement was 
wider and slightly greater in height than the argon-arc 
welds. The fracture surfaces were also similar to those 
of H,, group, weld metal failure being involved: they 
showed a complete absence of defects, and the radio- 
graphs of the original welds also indicated, apart from 
discard areas, only slight traces of fine porosity 
Macro-sections revealed, however, that this fine 
porosity was more extensive than appeared on the 
radiographs, as shown in Fig. 5a 

Fracture from the edge of the reinforcement was 
obtained consistently in the specimens of group Hg. In 
general, therefore, there was little evidence of internal 
porosity in the fracture surfaces. As cut out of the 
welded samples, however, all specimens in this group 
contained porosity which could be assessed in terms 
of the B.W.R.A. classification system® as 

H.-1, Sparse, grade B 

H.-2, H Sparse, grade B 

H.-3 Sparse, grade B 
H . Scattered, grade 
H Extensive. grade 


sparse grade 4 
scattered grade A 


(a) Group H 


side 


, self-adjusting arc weld, HE.30, welded from one 


) Group H 


sides 


self-adjusting arc weld, HE.30, welded from both 


metal-arc weld, HE.30, welded from one side 


Group N, argonarc weld, NP.5 6, welded from both sides. 


Group N, self-adjusting arc weld, NP.5/6, welded from both 


sides 
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A macro-section of H,-9 is shown in Fig. 5). 


In view of the reasonably good fatigue properties of 


these welds it was considered to be of interest to obtain 
an impression of any increase in strength which might 
result from removing the weld reinforcement by 
machining. The remaining four specimens of group H, 
were therefore machined and polished on each surface 
in the area of the joint, so reducing the thickness to 
0-225 in.; these specimens were given the group 
identification H.-R. The porosity conditions for the 
welds in the unmachined state were 
H.-R-—1, H,-R-2—-Extensive, grade A 
H.-R-3, H,-R-4—-Scattered, grade A 


No significant increase of strength can be claimed 


sparse grade B 


from the results of the four tests, although three out of 


four results are near the upper limit of the scatter band 
for the H, group. It was noticeable that the three 
fractures obtained were initiated from small pores 
exposed on the surface of the weld by the machining. 


Vetal-arc welded joints (H,,)) 

\ smaller number of tests were undertaken on the 
metal-are welded joints in HE.30 material. The shape 
of the reinforcement on the top side of the joints was 
extremely variable in width and height and some 
undercutting had occurred. Areas were therefore 
selected for testing so that the best uniformity in 
reinforcement shape would be achieved. This resulted 
in the provision of eight specimens in which, even if 
undercutting could not be eliminated entirely, exces- 
sive irregularity of the reinforcement was kept to a 
minimum 

The radiographic quality of the test pieces was also 
variable. Local patches of fine grade A porosity were 
observed in some welds, and larger pores, grade B 
and occasionally grade C, were sparsely distributed in 
most welds. These defects however, again played no 
part in fracture initiation. 

Somewhat surprisingly, the rougher reinforcement, 
sometimes combined with undercutting, also took no 
part in fracture initiation, all failures starting from the 
edge of the root bead as in the other welds made from 
one side. The sharpness of the discontinuity at the 
edge of the root was sometimes accentuated by an 
overlap, as shown in Fig. 5c. The test results near the 
lower limit of the scatter band are associated with 
specimens in which this effect occurred. 


Results for NP.5/6 alloy 
Plain material (N,) 


As in the tests on the HE.30 plain material, four 
failures were obtained in the group of specimens made 
with a transition curve and of these only one was 
located in the test section. Furthermore, these initial 
tests gave only a very rough indication of strength at 
2x 10° cycles. Additional tests were therefore carried 
out on the fixed radius type of specimen, and these 
show more positively a strength value of 12 tons/sq.in. 
In the latter specimens the failures occurred in the test 
section, but were not associated with a superior per- 
formance as with the HE.30 specimens 


irgon-arc welded joints (N,) 
The two groups NP. 5/6 of welded joints were welded 


from both sides, and no specimens were welded from 
one side. In respect of weld finish, the N, joints were 
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uniformly good, and a typical macro-section is shown 
in Fig. 5d. Good fatigue strength values were obtained, 
the scatter band limits at 2 10® cycles being 5— 
7-5 tons/sq.in., despite a variable mode of failure. Out 
of the seventeen specimens tested, six failed from the 
edge of the reinforcement, four in the grips, one 
through the weld, and one through the parent plate; 
five specimens were unbroken. 

The four tests in which grip failure occurred are 
comparable with other tests in terms of life to failure 
The fracture of one specimen through the parent plate 
was initiated from a point of surface damage, and the 
single weld failure occurred in a specimen in which a 
number of small pores were congregated at a corner of 
the section. The results for these two specimens are 
again comparable with the remainder of the group. 

In general, the radiographic quality of the argon-are 
welds was good. Very widely distributed grade B pores 
were Observed in some areas; localized patches of 
fine grade A porosity also occurred as already men- 
tioned, but these were few in number and would have 
been present in only one or two specimens. Apart from 
the one fatigue fracture noted, none were initiated 
from these defects. 

The strength values obtained from these welds were 
sensibly at the same level as those established for 
HE.30 self-adjusting arc welds, the two groups giving 
the best result found in the whole programme 


Self-adjusting arc welds (N,.) 

Fracture from the edge of the reinforcement was 
obtained consistently in these tests. Equally con- 
sistently, all specimens contained grade A scattered 
porosity, but this was seldom revealed in the fracture 
surface and was not associated with fracture initiation. 
By comparison with the argon-are welds the fatigue 
strength limits of 3-5—S-5 tons/sq.in. at 2 x 10° cycles 
are low. The reason is apparently associated with a 
small difference in reinforcement shape, for all failures 
were initiated at the edge of the second run deposited, 
when a slightly faster welding speed was used. The 
second run had a smaller bead width, and whilst bead 
height was no greater than that of the first run, there 
were areas in which the edge of the weld did not run 
smoothly into the plate surface. It was noticeable that 
the fatigue fractures initiated from such areas, as 
shown in Fig. Se. 


Discussion 


The fatigue behaviour of the specimens can, in 
general, be described by reference to the influence of 


stress concentrations at the surface. Thus, for the 
HE.30 butt joints made from one side on a backing 
bar the transverse root bead is responsible for frac- 
ture initiation. There is close identity in the fatigue 
values of the ‘one-side’ specimens welded by the three 
processes. Although in the argon-arc joints no signifi- 
cant differentiation between the strengths of joints 
made from one side or from both sides is possible for 
the number of results available, the range for both at 
2x 10® cycles, namely 3-5-6 tons/sq.in. may be com- 
pared with the ranges of 3-5—5-5 and 3-4-5 tons/sq.in. 
obtained for the self-adjusting arc and metal-arc 
joints, welded from one side. 
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The influence of the root bead on the HE.30 metal- 
arc welded specimens sufficient to mask any 
effect from the comparatively rough reinforcement on 
the top surface, with which undercutting was some- 
times combined. It is likely that no very great increase 
of strength would be obtained if the root bead were to 
be eliminated, either by machining or by welding from 
both sides, but this would be worth checking in future 


was 


ests 

Fracture through weld metal course, 1n- 
volved in all tests where initiation from the root bead 
took place. A similar mode of fracture also occurred in 
the HE.30 self-adjusting arc welded specimens from 


which the reinforcement had been machined, initiation 
i} 


was. of 


ving located at pores exposed on the machined sur- 
face. Otherwise, other specimens welded 
from both sides with the reinforcement left on, only 
two failed through the 


among all 


clusters at a 
corner or edge of the weld sections being responsible 
It may be generally observed therefore that the 
porosity conditions noted in several of the test groups 
apart from the two 
sOlated cases where the position of the pores favoured 
This observation applies equally to 


from one side in which, even if 


weld 


porosity 


were not associated with fracture 


inthation 


welded 


CTracn 


pecimens 
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Summary of present results and comparison with 
NCRE results 
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Self-adjusting arc welds made 
from one side on permanent 
backing bar 
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porosity was revealed on fractured weld surfaces, it 
was clearly not related to fracture initiation 

As already stated, the best strength values obtained 
were those given by HE.30 self-adjusting arc welds 
(group H.) and NP.5/6 argon-are welds (group N,) in 
each case welded from both sides and with the rein- 
forcement left on. The HE.30 self-adjusting arc welds 
with the reinforcement machined off could also be 
included but only a small number of these specimens 
were The strength values of such machined 
joints appear to depend on surface porosity conditions: 
without porosity it is possible that fatigue strengths 
higher than any so far recorded might be achieved. It 
is of interest to compare the strength ranges of 5-5 
7 and 5-7-5 tons/sq.in. for groups H, and N, respec- 
tively with the lower limits of 3-5-6 and 3-5—5-5 tons 
sqg.in. obtained for HE.30 argon-arc welds 
NP.5/6 self-adjusting welds (the four groups con- 
cerned all being welded from both sides and with the 
weld reinforcement left on). For the NP.5/6 welds a 
reduction of 28 based on mean strength, can 
essentially be attributed to the less favourable rein- 
forcement shape of the self-adjusting 
Making a similar comparison between H} 
is less easy to ascribe the 24 
joints entirely 


tested 


and 


are welds 
30 welds, it 
reduction for argon-arc 
to reinforcement shape, and further 
examination of these joints with particular reference 
to metallurgical condition might usefully be carried 
out. It will be noted, for example, that it was 1n this 
group of specimens that fissuring occurred in the frac- 
ture surface, located in the heat-affected zone 

Finally, the results of the work as a whole can be 
compared with other reported results for pulsating 
tension tests on medium strength aluminium alloys 
containing transverse butt welds. The most extensive 
investigation of this kind was carried out in America 
by Hartmann, Templin and co-authors.! Four 
alloys were included in their test programme, of which 
two are somewhat similar to the HE.30 and NP.5 6 
materials used in the present work 

(i) 61.S-T (1°, Mg, 0-6 

(ii) A 54 S8-H.34 (3-5 


Si, 0-25 Cu, 
Mg, 0-25”, Cr) 


The fatigue test specimens were made from in 
thick plate. For the 61.S—T alloy, the transverse butt 
welds were made by ‘manual metal-are’, ‘inert-gas 
metal (tungsten) arc’ and ‘semi-automatic inert-gas 
metal-arc’ processes. Only the latte used for 
welding the A 54S alloy. For purposes of comparison 
these processes have been regarded as ‘metal-arc’, 
‘argon-arc’ and ‘self-adjusting are’ respectively. Several 
welding procedures were used, and in most instances 
each type of specimen was tested both with the rein- 
forcement left on and removed. The variation of 
procedure and surface finish was not, however, 
reflected to any great extent in the fatigue properties, 
although specimens with the reinforcement removed 
did tend to give strength values at the upper limit of 
the scatter band. 

Oldridge and Houghton® have carried out tests very 
similar to those reported here, to determine the pulsat- 
ing tension strength of transverse butt weld joints in 
} in. and } in. thick NP.5/6 (these authors actually 
used the NS.6 specification for the } in. material) 
Three types of joint were tested in each thickness, the 
self-adjusting are process being used throughout: 


Was 
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i) Reinforcement ground off 

(11) Reinforcement retained 

iii) Welds made from one side on a permanent backing bar 

attached by transverse fillets 

As in the American work, Oldridge and Houghton 
determined experimental data up to at least 10° cycles 
and their results also confirm that, for butt welded 
joints, strength values taken at 2x 10° cycles are not 
significantly different. In making a comparison of the 
present work with these two investigations, strength 
values corresponding to the smaller endurance have 
been referred to: the general result is indicated in 
Table Il and in the block diagram Fig. 6. The ALCOA 
and BWRA results are given as strength ranges, but 
the NCRE columns contain three precise limits for the 
three types of joint tested 

Considering firstly the HE 
there is sensibly 


> 


30 and 61.S—-T materials, 
direct correspondence of fatigue 
properties for the argon-arc joints and good corres- 
pondence for the metal-arc joints, although in each 
case the 61.S—T specimens included groups with the 
reinforcement removed. The self-adjusting arc welds 
in HE.30 and 61.S-T cannot be truly compared, for 
the low strength of 2:5 tons/sq.in. obtained with the 
latter material is associated with warped specimens 
For the NP.5 6, NS.6 and A 54S materials the com- 
parison is limited to self-adjusting arc welds made 
from bot Where the specimens have the 
reinforcement left on, a strength range of 3-5—5-5 tons 
sq.in., as obtained in the BWRA programme, virtually 
encloses the other results, and again the American 
figures refer to some specimens with the reinforcement 
removed. A slight upward shift in the range, to 
5-6-6°4 tons/sg.in. was obtained by NCRE for speci- 
mens with the reinforcement removed, and for these 
specimens the authors refer to fractures originating 


sides 


from flaws in the weld metal. Within this group of 
those of 


alloys the highest 


(5-5 


figures reported 
BWRA tons/sq.in.) obtained on argon-arc 
joints with the reinforcement left on. The lowest 
(2:7—-3-7 tons/sq.in.) were reported by NCRE for self- 
adjusting arc welds made on a permanent backing bar 


are 


WELDED JOINTS IN ALUMINIUM ALLOYS 


NCRE 


Static tensile strength of 
material. 


unwelded 


Static tensile strength of butt-welded 
joint 


Fatigue strength of unwelded mater- 
ial 








As -oHl.)) 
welded Range of fatigue strength values for 
butt weld 


cking (3 and 4 at 2 » 10° 
bar zero to plus) 


NS.6 NP 5/6 
>. 


'4 "y 


cycles direct stress 








Static and fatigue properties of trans- 
verse butt welds in medium-strength 
aluminium alloys 


attached by transverse fillet welds. With these speci- 
mens a majority of the failures were initiated at the 
edge of the butt weld (12 out of 16 specimens tested) 
rather than at the toes of the fillet welds (3 speci- 
mens). Thus the lower strength associated predomin- 
antly with the same mode of failure as plain butt welds 
must be related to the influence of secondary bending 


Conclusions 


At the present stage of the programme any general 
conclusions on the fatigue behaviour of welded 
HE.30 and NP.5/6 alloys must obviously be limited, 
and it is perhaps more useful to underline the need for 
further work as indicated, in part, by the outcome of 
these preliminary tests. However, one general conclu- 
sion which has a direct bearing on the original purpose 
of the work can be made: that the welding process 
itself is not a critical factor in determining the fatigue 
strength of transverse butt welds when no particular 
precautions are taken to control reinforcement shape. 
In considering the extent to which such control is 
possible, it is recognized that there may well be a 
potential difference between the three processes con- 
cerned. It can also be stated that the presence of 
porosity is not necessarily harmful to fatigue strength 
if the weld reinforcement is left on. Considerably more 
work would be necessary, however, to establish the 
limits at which porosity begins to be detrimental. It is 
indicated in the BWRA work that the increase of 
strength realized by removing weld reinforcement may 
not be large if the weld contains porosity—particularly 
if this is exposed on the machined surface. Improve- 
ments in the performance of machined joints would 
therefore appear to depend, among other things, on 
the elimination of this defect. 
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WELDING RESEARCH IN EAST GERMANY 


In March this vear, Mr. A. A. Smith, a Principal Officer of the British 
Welding Research Association, visited the East Zone of Germany to 
attend an International Colloquium on Metal Physics and Metallurg) 
of WU é ldine Processes This is a hrief account of the mee fing by Mr 
Smith, who was the only Englishman present, and of a visi 
Lahoratories of the Central Institute of Welding. Hall 


j j ; , 
organized the colloquium 


N international colloguium was held under the problems, and to indicate possible lines of develop- 
auspices of the East German Welding Institute ment 
(Zentral Institut fur Schweisstechnik) in March Some 16 papers were read in the two-day session 
this year in the picturesque Goethe town of Weimar the subjects ranging from precipitation and diffusion 
The meeting was termed a ‘colloquium’ because the mechanisms as related to welding, to grain-boundary 
participants enjoyed the comfort of the lounge of the properties, strain ageing, arc characteristics, structure 
Elephant Hotel, where the deep armchairs were of electroslag welds, and weldability. The papers were 
arranged around low tables, thus creating an informal discussed both in the limited time available during 
itmosphere sessions, and afterwards in the Elephant Hotel, where 
The colloquium was attended by some 110 metal- all the participants were staying 
urgists and welding engineers who came mainly from \ visit was arranged on the first evening to the 
the D.D.R. (German Democratic Republic, East National Theatre in Weimar where the visitors enjoyed 
Germany) with representatives from the U.S.S.R. and an excellent production of The Judgement of Lucullus 
satellite countries (Czechoslovakia, Hungary, Poland, by Bertolt Brecht. To conclude the proceedings a 
Rumania). The Western countries taking part included cocktail party was given in the Elephant Hotel by Herr 
a metallurgist each from Belgium, Italy. Sweden Helmut Wunderlich, Minister for Machine Construc- 
United Kingdom, and West Germany. The task of the tion of the D.D.R.. who welcomed visitors from the 
colloquium was to answer the following questions Western ‘capitalist’ countries, and stressed how im- 
Wiss ctnee tee tenn canted io Gee meee sheen cng 40 the Government regarded the improvements 
tallurey of welding? and work done on welding research and the introduc- 


e 
by 


»> Ww 


physics ind meta 


it knowledge > taken ft tion of automatic processes on an increasing scale 
technology”? 

In which direction shoul 
r ' 


Welding Research 


esearch be developed? 

It was not envisaged that a complete solution would The author took the opportunity of visiting the 
be provided to all these questions, but inthe discussion Research Laboratories of the ZIS at Halle-Saale on 
an attempt was made to clarify some fundamental _ the invitation of the Director, Dr. W. Gilde. This is a 





WELDING 


State-financed Institute, coming directly under the 
Ministry for Machine Construction, and is responsible 
for the development of welding in the State-controlled 
factories. The staff at ZIS-Halle numbers some 300 
engineers, metallurgists, and scientists and concerns 
itself with problems of welding research, education, 
testing, consultation on works problems, and equip- 
ment development. Its work therefore broadly covers 
the activities on welding in Britain by the B.W.R.A., 
Institute of Welding, B.S.I., and equipment manu- 
facturers 

The research items studied at ZIS all have a direct 
application in some particular field of industry, and 
the value of a particular piece of research is reckoned 
in terms of saving in costs when applied in industry. 
Standardization of welding equipment and techniques 
appears to be the general aim, and automatic and 
semi-automatic equipment is being prescribed for 
works’ use whenever possible. Since there are no 
privately administered equipment firms in the D.D.R. 
all the training of personnel in welding technology and 
practice is performed by the ZIS, and some 400 
engineers and thousands of welders are trained and 
receive approval certificates for welding. Training 1s 
given in gas welding, covered metal-arc, and CO, 
welding, mechanized equipment (submerged-are and 
electro-slag), gas-shielded welding of non-ferrous 
alloys, together with the welding of plastics. 

Consultation with works on individual problems ts 
done by ZIS staff, and suitable techniques are worked 
out at ZIS on prototypes. Where special equipment 
needs to be developed, it is designed and built at ZIS, 
and the design is issued to State equipment factories 
for duplication in as many numbers as are required by 
the industry involved. Standard parts are used wher- 
ever possible; for example, the wire-driving mechanism 
used on submerged-arc welding heads can be converted 
for CO, shielding or electroslag welding. 

A considerable research effort has been applied to 
CO, welding, and some hundreds of sets are in use in 
the Republic. A simple, cheap, and extremely practical 
gun, rather more in the shape of a gas welding torch 
than a ‘pistol’ has been developed, and is being used 
with basic wire-drive units. Special constant-potential 
generators are coupled with thisequipment, and welding 
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is done in all positions, using @ in. dia. wire and 
the short-circuiting arc technique. The wire used for 
CO, welding is a straight 0-08 °, C, Si-Mn deoxidized 
type. Spatter is not regarded as a problem with this 
equipment and for long-duty use the nozzle is dipped 
into lime water paste, to prevent excess build-up of 
spatter. The process is being used to replace manual 
covered-electrode welding wherever possible. 

4 demonstration was also provided of electroslag 
welding using a converted submerged-arc welding 
head, with one or two wire electrodes. Constant- 
potential generators supply the current and a simple 
gear is provided for reciprocating the wire across the 
slag bath. To enable the welding equipment to be 
located on one side of the work, a fixed water-cooled 
chill was secured to the reverse side of the joint, and 
the head and spring-loaded sliding chill operated from 
the ‘working side’ of the plates. The techniques were 
being worked out to enable existing welding equip- 
ment to be used for electroslag welding, and costs and 
mechanical properties were being evaluated and com- 
pared with submerged-arc equipment. 

Another interesting part of ZIS research was seen in 
the arc physics section, where various types of welding 
arc were being studied ona universal welding head which 
could operate electrode wires in gas shielding or with 
flux, together with automatic feeding of covered 
electrodes. The arc characteristics, including metal 
transfer analysis, were being studied by the use of 
high-speed cine cameras, cathode ray oscillography, 
short-circuit counting equipment, and spectrographic 
analytical techniques to measure structure and arc 
temperatures. The information from these investiga- 
tions has been applied to the development of coating 
materials for electrodes and has enabled the correct 
design of power-source characteristic to be produced 
for CO, shielded welding. 

The general impression gained was that, although 
our political and humanistic opinions are inconsistent 
with overall national control and rigid standardization, 
the research and development centred in one place as 
at ZIS avoids duplication of research effort and en- 
ables a successful welding process or technique to be 
exploited very rapidly by the industry as a whole, and 
results in a national increase in productivity. 
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and Industr 
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INSTITUTE OF WELDING— Spring Meeting 1959 


Ihe Annual Spring Meeting of the Institute was held in London on 20th 
24th April, thus 


completing the 


first cycle, started in 1946, of visits to the 
meeting coincided with the Engineering, Marine, Welding, and Nuclea: 
Energy Exhibition at Olympia, and the official visit of the Institute to Olympia 

is made on the last day of the Meeting 

\ Reception was held at the offices of the Institute on the evening of the 
Monday 20th April, when the President, Mr. John Strong, the Vice 
Presidents, Mr. E. Seymour-Semper and Mr. Gilbert Roberts. and othe: 
Members of Council received members and guests. A number of aspects of 
velding were exhibited by equipment manufacturers in the Council Room 

Tuesday and Thursday there were visits to works in and around the 
nh area 


fir lay 


Iwo technical sessions were held on Wednesday and Friday for the presenta- 
nd discussion of papers on the low-temperature properties of aluminium 
ind on the economics of welding 
bers attending the meeting were able to take part in the Joint Annual 
f the North and South London Branches of the Institute, which was 
the Connaught Rooms on the evening of Wednesday 22nd April. A 
count of the Dinner 


7 


is given under “Branch News’ (page 337) 
Works Visits ind physical 
The A.PV. Company Ltd 


{ 


testing, distillation, and 
chemical analysis 
In the fabrication shops they saw many 


examples of vessels and chambers con- 


ibricates vessSe 
¢ heat exchangers for n 
{in stainless steel, aluminium, Monel, 
for atomic reactors, food processing, 
liquid storage, and transport. Work in pro- 
lopment laboratories, where the gress on highly complicated vessels for 
mducts X-ray and gamma-ray nuclear power plant proved especially inter- 
tion of engineering components for esting. It was noted that the Company was 
ising a wide variety of automatic welding 


ind special process equipmer Structec 
food, brewing, and chemical ete 


The party saw first the research 


ce 
quality control, and investigation of new 
. ' 


welding processes and the problems con- equipment, and that many of the vessels are 


manufactured to very high standards of 
radiographic quality 


nected with the welding of metals. In other 


laboratories the visi 


/ 
I 


| 


My 


“am 


In the machine and fitting shops the main 
products seen were plate heat-exchangers 
ind the intricate control gear incorporated 
in the exchangers. In A.P.\ 


mechanized foundry, the latest moulding 


Paramount's 


and casting techniques were being used in 
the manufacture of range ol components 


n Stainless steel! im alloys, etc 


A. R Hi 


G rve md ¢ (London) Lit 
Greenwich. This Company produces mar 
welded fabrications, sheet metal product 
perforated meta ind wirework 

The 24 y yr al most of the marr 
products th particular emphasis on 
ind the apprent: 


training scheme hey were impressed 


heavy ftabricatior 


the orderliness and the intelligent use of 
automatic welding, and particularly by the 
new, very large machine tools being used [1 

machining flanges and other parts of con 

pleted pressure vessels. A visit to the spin 
ning machine to see a dished end being 
made gave a real-life reminder of this 
Company's advertisement for dished ends 


Mcl 


Dawnays Ltd... Welwvn Garden Cit This 
is one ol the Company § Se veral factories 
producing every type of fabrication. The 19 
members on the visit were divided into two 
groups to give better opportunities for view 
ing and for questioning the guides. They 
were shown many structural components in 
manufacture, such as castellated beams, 
stanchions, columns, and heavy-plate gir- 
ders, and work was also in progress on coke 
hoppers, and structural frames for antennae 
They noted that apart from riveting on a 
few items, the method of fabrication was 
exclusively welding. Points of special inter- 
est were: the wide use of iron-powder elec- 
trodes; the Fusarc CO, automatic crawler- 
type machine used for welding heavy plate 
stanchions; the method of flame-cutting the 
castellations in beam sections, using a 
machine designed especially for the purpose 
a flame planing machine capable of dealing 
with plates up to 58 ft long and 10 ft wide, 
and using Oxy-propane as the cutting gas: 
and a joggling machine for plate up to { in 
thick 


varty of Institute members at the Crawley Works of The 
»V. Company, in company with Mr. G. H. Botham, 


PV's Chief Chemist, and other members of A.P.V. staff 





oS | 


NEWS AND ANNOUNCEMENTS 


Vembers attending the Reception and Exhibition held in conjunction with the 
Spring Meeting 


The party also saw a range of more 
commonly-used machines, such as folders, 
roppers, a guillotine, beam straightening 

ess, plate straightening rolls, boring mill, 

, and so on 
FE. H. 1 


Geo Hu Ainge and ¢ ompany\ I fd Sfeven- 
re. This Company specializes in conveyor 
rd lifting gear, and makes a comprehen- 
ve range of automatic farm equipment. A 
ve order has recently been obtained from 
and the Company holds the Royal 

The party was shown the manu- 

ring process of the small assemblies 

>d in making lifting gear ranging from the 
m hand chain block, weighing only 


capable of lifting 4-ton loads, up 
travelling cranes 


ipabdle of iulting 


ry large overhead 


~d ant 
ng loads 40 tons and upwards 
ynsiderable terest was shown in the 


icker, which can ind stack 
‘ 


Shelves, plates nd sections 
yor part the tapdrica 
lines, and in the manu 
drinking troughs, 

pal 


and 


fircratt) 

the Company ts con 
ned exclusivel ith the design and pro- 
luction of rcral * Visitors Saw aircratt 
including the last of the 
Viscount airliners and 


large Vanguard airliners 


r construction 


replacing them he members 
vere impressed particularly by the latest 
ethod of construction used in the Van- 
guard’s wing longitudinal 
nachining from solid aluminium plate some 
14 in. thick to leave ribs across the section 
it approximately | in. intervals. This method 
yroduces an exceedingly rigid structure 
without excess weight 
Two full-scale wooden mock-ups also 
proved particularly interesting. That of the 
Vanguard cost about £300,000 and is used 
for planning, layout of instrumentation in 
the pilot’s compartment, design of furnish- 
ing in the passenger compartments, and so 
on. The similar mock-up of the Vickers 
V.C. 10 jet airliner now being developed, is 
still under construction, but the visitors saw 
the novel development siting the jet engines 
n the tail instead of in the mainplanes 
The party noted the use of argonarc 
welding on aluminium and stainless steel 
sections, including Rolls-Royce Dart and 
Tyne turbojet engines, and electric seam and 
spot welding on stainless steel components 


sections by 


or sections such as the yet tubes for the 
turbojet engines 

Two new machines for forming sections 
are the Hufford stretch-wrap machine and 
the Hydroform press. The Hufford forms 
skin panels by drawing sheet over the 
formers and bends frames machined in the 
straight into required curves, as in the 
making of the double bubble centre section 
frames for the Vanguard. The Hydroform 
presses aluminium and stainless steel parts 
using only a male die against hydraulic 
pressure held above a rubber diaphragm 
L. FH 


British Oxveen Gases Ltd.. Cricklewood 
This is the Company's Sales Technical Se 
vice factory, where there are comprenensive 
facilities for demonstrating the various 
welding and cutting processes in which the 
Company specializes 

The party saw 
Arc exhibits in the lecture hall, and then the 
photographic department where all the 


Company's technical films are made by its 


first the range of Quasi- 


own staff. In the gas welding school, stud- 
ents were being trained in the various gas 
welding processes. Among the more recent 
welding developments seen were the auto- 
matic welding machine, A.W.M.4, manual 
argonarc welding, the Lynx iron-powde: 
continuous welding process with incorpor 

ated arc-length control, and several exan 


ples of argonare spot welding. The visitors 


Argonarc cutting at the Cricklewood Works 
of British Oxygen Gases Ltd 


Scrap cutting of 84 in. riser head with B.O.G 
equipment 


were impressed by the speed and smooth 
tinish of cuts obtained on stainless steel and 
aluminium using the tungsten-arc cutting 

machine 
They were shown heavy cutting 
propane as the fuel gas, on 46 in. mild steel, 
ind after watching the lancing of a concrete 
slab by the oxygen jet process, the party 
returned to the lecture hall to see a slow 
notion film of the behaviour of the molten 
mild steel during its passage across the arc 
H. ¢ 


using 


Ford Motor Company Ltd., Dagenham 
This factory produces some 1800 complete 
inits a day, and so it was not possible in two 
hours to see more than a small part of the 
processes. The party saw large spot-welding 
machines, some of which have as many as 
300 welding points, in operation in the 
pressing and body assembly works. They 
were most interested in the exact fitting of 
the various parts of the vehicle bodies, and 
the ease with which the parts were welded 
together 

In the engine machining and assembly 
shop, the outstanding operation was on the 
fully automatic production lines, which 
transformed the rough cast blocks fed in at 
one end into machined engine blocks, with 
cylinder bores already made, before deliver- 
ing them at the other end 

The party went on to see the rolling of the 
steel for leaf springs, and then to the final 
assembly lines. The members were particu- 
larly interested in seeing the matching of the 
different shapes and colours as the various 
parts were introduced to the line at pro- 
gressive stages in the assembly 

Noted particularly in all the production 
stages was the high standard of inspection 
which undoubtedly increases efficiency and 
plays an important part in obtaining the 
very high daily output of vehicles. 

Ww. Cc. H 


The managements of every works visited 
gave the members a ready welcome and 
generous hospitality, despite the undoubted 
disruptions of production programmes. The 
Institute gives its warmest thanks to all 
those who gave up their time and energy to 





INSTITUTE ACTIVITIES 


FORTHCOMING MEETINGS 


Electrosiag Welding 


vw meeting on Electroslag Welding 
ld at the Institute on Ist October 
1959, papers have now been promised by 
J. A. Lucey of Quasi-Arc Ltd., and by 
D. J. W. Boag and W. K. B. Marshall of 
Rockweld Ltd 


Autumn Meeting 
About twenty-four members of the 
French Institute of Welding have already 
enrolled for the Joint Autumn Meeting, to 
be held at the Institute from 3rd to 6th 
November 1959. The general subject of the 
meeting 1s to be Quality Control in Welding 
The Annual Dinner of the Institute will 
be held, as usual, at the Park Lane Hotel on 
the evening of Wednesday, 4th November 
Companies which are accustomed to take 


tables are asked to note this date 


Spring Meeting 1960 


Plans for the Spring Meeting next ye 
ire in hand. It ts intended that the overall 


levelopments in some of 


subject shall be the « 

the newer welding processes, and in the 

illied processes such as metal spraying and 

brazing, with which the Institute is now 

iclively concerned 

probable dates, to be confirmed later 
th May 1960, and the venue will 


e Ashborne Hill, Lear 


ington 


AWARDS 


Sir William J. Larke Medal 1958 
The iward of this medal, the highest 
iward that can be made by the Council, has 


been may Mr. H. D. Archbold for a 


paper on the welding of the deckhouse of 

the M. V. Bergensfjord. The actual presenta 

tion was made, according to custom, during 

the first technical session of the Spring Meet- 
>>, 


ing at London on 22nd Ap 


BRITISH WELDING JOURNAI 


C. W. Hill Prize 1958 


Acting on the report of the examiners, the 
Council of the Institute has awarded the 
C. W. Hill Prize for 1958 to Mr. A. J. A 
Cooksey, an Associate of the South London 
Branch. A second prize has been awarded to 
Mr. A. L. Fishwick, a Graduate of the 
North London Branch, and the design sub- 
mitted by Mr. J. T. Allott, a Graduate of 
the Sheffield and District Branch and now 
serving with Her Majesty's Forces, was 
highly commended 

This Prize, endowed by Mr. C. W. Hill, a 
Past-President of the Institute, was previ- 
ously awarded annually. This is the first of 
the triennial awards, and the examiners 
report that the standard was very satis- 
factory. Competitors were asked to re- 
design for welding a bolted lattice girder or 
i cast press bolster, or any other object of 
their own choice 


APPEAL TO INDUSTRY 


The following list records subscriptions 
received since the publication of the list in 
June 1959 
Donations 
£100 United Society of Boilermakers, 

Shipbuilders, and Structural 
Workers: Lincoln Electric Co 
Ltd 
£75 Rockweld Ltd 
£SO0each Davy Paxman & Co. Ltd.;G.A 
Harvey & Co. (London) Ltd; 
The A.P.V. Co. Ltd 
Hirst Electronic Ltd; I 
& Son Ltd 
Swan, Hunter & Wigham Rich- 
ardson Ltd 
Metropolitan-Cammell Carriage 
and Wagon Co. Ltd.; Strachan 
& Henshaw Ltd.; Joseph Adam- 
son & Co. Ltd 


Green 


The total sum given or promised to date 
5 £97R3 


Premises 
During the Summer considerable work 
will be undertaken in the basement of the 
Institute, to provide additional office 
accommodation and a new room for the 
School of Welding Technology, in which 


Dr. Richard Weck, Director 
of the British Welding Re- 
search Association, present- 
ing the 1958 Sir William J 
Larke Medal of the Institute 
of Welding to Mr. H. D 
irchbold 


refreshments will be served and demonstra- 
tions given. These developments will not 
only enable the Institute to accommodate 
the additional staff appointed this year, but 
will also free the Library for the use of 
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readers during the day. The service of 
refreshments in the Library twice a day 
during School courses has made difficulties, 
and in future only the refreshments before 
evening meetings will be served there 


Staff Appointments 


Mr. G. S. Hartley joined the staff of the 
Institute on Ist June, as Advertisement 
Manager of the British Welding Journal 

Mr A. G. Tilbury succeeded Mr. Fox as 
Accountant Office Manager at the Institute 
on Iith May 


PUBLICATIONS 


Under this heading in the May issue of 
the Journal (p. 238) it was stated that 
Mr. R. R. Sillifant, Chairman of the Inert- 
Gas Arc Welding Panel, was with British 
Oxygen Engineering Ltd. Mr. Sillifant is, in 
fact, a member of the Associate company 
British Oxygen Gases Ltd 


Finding Tool 


Members, and especially Industrial Corp- 
orate Members, will know how much 
valuable technical information is to be 
found in the Transactions of the Institute of 
Welding 1938-1953, and in Welding 
Research, which was published with it in 
the last seven years. All the results of 
research organized by the Welding Research 
Council between 1938 and 1946, and by the 
British Welding Research Association bet- 
ween 1946 and 1953, appeared in these 
journals; the only means of reference 
hitherto available has been the annual title 
indexes. 

Now at last the Institute has published 
a single index to the entire collection, 
arranged under authors and subjects — an 
invaluable “finding tool’, even for those who 
do not have a file of the periodicals. The 
price is 25s. plus Is. postage (20s. plus.1s 
to members of the Institute and of 
B.W.R.A.). Orders should be sent to the 
Institute of Welding, 54 Princes Gate, 
London, S.W 


Pictorial History of Resistance 
Welding 


Mr. C. A. Hadley, who reached the age 
of 81 at the end of 1958 and has now retired 
from business, is planning a_ pictorial 
history of resistance welding, and would 
welcome photographs of notable welders, 
old or new, from other members, Mr 
Hadley’s address is: Sunninghill, Stone 
Lane, Kinver, Staffs 


ADVERTISEMENTS 


Advertisers and agents are particularly 
requested to note the change in the adminis- 
tration of the Advertisement Section of the 


Journal 


In future, all enquiries, orders, copy, and 
blocks should be sent to 
The Advertising Manager 
British Welding Journal 
54 Princes Gate 
London, S.W.7 
(Tel. Knightsbridge 8556) 





NEWS OF MEMBERS 


H. E. Dixon, M.Sc., has been appointed 
Head of Research and Development, and 
Head of Laboratories at Heston of Atomic 
Power Constructions Limited. He was for- 
merly Chief Metallurgist to the Company 
and his place has been taken by D. C. | 
Lunn 


N. T. Burgess has left the Aluminium 
Development Association to join the 
Research and Development Department of 
the Central Electricity Generating Board in 
London, as Welding Metallurgist. He will 
study problems concerned with the weld- 
ability of materials used in steam power 
plant, and with non-destructive testing 


After several years’ service as a Welding 
Engineer with the Naval Construction 
Department of the Admiralty at Bath, Mr. 
QO. Bondy has returned to his private 
practice as a Consulting Engineer at 24 
Avondale Avenue, Worcester Park, Surrey 


D. A. G. Stephany-Weddell (formerly 
Weddell) has joined the Executive Board of 
Cheapside Industrial Services Ltd., of East 
Grinstead, and has been appointed Manag- 
ing Director of Industrial Demolition and 
Plant Ltd 


C. A. Burton, formerly Sales Manager 
of Sciaky Electric Welding Machines Ltd., 
has joined the A.R.O. Machinery Co. Ltd., 
and will be concerned with new develop- 
ments 


The Council regrets to record the death of 
S. W. N. Mealing, on 29th March (South 
Western Branch, Member 1944) 


CONTRIBUTOR TO THE 
JOURNAL 


R. Straton, B.Sc.(Eng.), M.1.N.A., is 
Technical Director of Austin and Pickers- 
gill Ltd. From 1937 to 1942 he served his 
ipprenticeship with the Fairfield Ship- 
building and Engineering Co. Ltd., Glas- 
gow, and he graduated from Glasgow 
University with First Class Honours in 
1941, specializing in Naval Architecture 

He was appointed to the Ship Design 
Office in 1942, and three years later he left 


R. Straton 


to become Assistant Works Manager with 
the Blythswood Shipbuilding Co. Ltd. In 
1947 he became Outside Repair Manager, 
and was appointed Works Manager in 1951. 


NEWS AND ANNOUNCEMENTS 


Mr. Straton joined his present Company 
in 1955 as Personal Assistant to the Manag- 
ng Director, and became General Manager 
n 1957. Early last year he was appointed to 
his present position as Technical Director 
In addition to his Membership of the Insti- 
tute of Naval Architects he belongs to other 
local shipbuilding societies 


BRANCH NEWS-— Reports 
of Meetings 


 Liverpoo! } Lecturers Entertained 


The Annual Function to entertain the 
Lecturers was held at the St. George 
Restaurant, Liverpool, on 10th April, under 
the patronage of the Institute President, 
Mr. John Strong, who was represented by 
Vice-President Mr. E. Seymour-Semper. 

There was a large gathering, broadly 
representing Merseyside industries with 
guests from widely spread districts. Mr 
R. L. Davis, the Branch Chairman, wel- 
comed the principal guests who also in- 
cluded Mr. C. Milne, Past-President; 
Mr. G. Parsloe, Secretary; the Chairman of 
the Manchester Branch, Mr. R. D. Watson 
and Mr. J. F. Breen, Chairman of the 
Preston Branch; Professor Kearton, Past- 
President of the Liverpool Branch; Dr. € 
Bodsworth, President of the Liverpool 
Metallurgical Society; Mr. S. A. J. Parsons, 
Principal of the Liverpool College of 
Technology; and Mr. H. J. Fraser of 
MANWEB 

The Lecturers were represented by Mr. E. 
Flintham, Mr. D. T. Carter, Mr. E. A 
Foreman, and Mr. R. H. Boughton 
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Joint Annual Dinner 


The Joint Annual Dinner of the North 
and South London Branches of the Institute 
was held at the Connaught Rooms, London, 
on 22nd April. This was something of a 
special occasion, for it took place during the 
main Spring Meeting of the Institute, and 
many members frem other Branches who 
were attending the meeting were present at 
the Dinner 

The Chairman was the President of the 
Institute, Mr. John Strong. The Principal 
Guest was Sir Josiah Eccles, C.B.E., M.M., 
D.Sc., Deputy Chairman of the Electricity 
Council., who proposed the toast to the 
Institute and the London Branches 

In his speech, Sir Josiah referred to the 
vital part that welding was playing in 
modern industrial developments; but he 
emphasized that there was still a great need 
for careful consideration in the design of 
structures specifically for welding. He also 
referred to the form of the Institute mem- 
bership and considered it to be a good 
example of an attempt to break down the 
barriers that separate the components ot 
industry 

In his response, the President spoke of 
the significance of the present occasion and 
its coincidence with the Spring Meeting of 
the Institute and with the Engineering, 
Marine, Welding, and Nuclear Energy 
Exhibition (hoping that this title had 
reached its final length). He recalled that 
with this meeting the Institute had com- 
pleted its first cycle, started in 1946, of 
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visits to the provinces, associated with each 
Branch. They had now returned to London 

The toast to The Guests was proposed by 
Mr. Seymour-Semper, Vice-President, in a 
witty speech, and the response was made in 
like manner by Dr. R. Beeching, Technical 
Director of the Metals Division of Imperial 
Chemical Industries Ltd 

At the end of the forma! function most of 
the 350 members and guests spent the 
remainder of the evening, in the usual N/S 
London fashion, in informal exchanges of 
experiences—technical and otherwise 


Wolverhampton | Annual Dinner 


The Fourteenth Annual Dinner and 
Ladies’ Night was held at the Wulfrun Hall, 
Wolverhampton, on Friday Ist May, with 
Mr. M. R. Liddiatt, Chairman of the 
Branch, presiding 

Among the principal guests were Coun- 
cillor J. C. Homer, the Worshipful Mayor 
of Wolverhampton; Mr. E. Seymour- 
Semper, Vice-President of the Institute; 
Mr. R. E. G. Weddell, Past-President; and 
the Secretary, Mr. G. Parsloe. 

At the start of the Dinner the Secretary 
announced the death of Sir William Larke, 
and the assembly stood in silence as a token 
of respect. 

After the speeches there was dancing and 
entertainment to the music of Ronnie 
Hancox and his band 


INTERNATIONAL INSTITUTE 
OF WELDING 


Publications 


At each Annual Assembly of the L.1.W 
there is an exhibition of books and publica- 
tions of member organizations. A catalogue 
is issued listing the publications shown. 
Section IV of this catalogue, containing 
details of the material exhibited for the first 
time at the Vienna Assembly in 1958 has 
now been issued, and copies are available in 
the Library of the British Institute of 
Welding. 

Publications are classified under the 
country of origin, and are arranged under 
the headings of: Books and pamphlets; 
offprints and articles from reviews; stand- 
ards; reviews and periodicals dealing exclu- 
sively with welding and allied processes, and 
also those which, regularly or not, contain 
sections on these subjects 

This new section of the catalogue, to- 
gether with the three earlier sections, con- 
stitute a general bibliography of welding 
and allied processes, which will be brought 
up-to-date as often as necessary by the 
publication of further sections. 


OTHER SOCIETIES 
Irish Welding Association 


At the first Annual General Meeting of 
the Association, held in Dublin on 27th 
April, the Chairman, Mr. S. McGloughlin, 
reviewed the activities of the past year. He 
stated that a considerable part of their 
efforts had been concentrated on the re- 
cruitment of the most influential firms 
concerned with welding, which had been 
quite successful. He took the opportunity to 
advise members of the facilities for consul- 
tation and advice offered by the British 
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Welding Research Association, and recom- 
mended that more use should be made ol 
these services 
The following Management Committee 
was elected: Mr. S. McGloughlin (Chair 
man): Mr. J. Costello (Secretary); Messrs 
I Ww Bamford P Thomas. J. Cronin 
W. Dresser Cantwell, P. Donegan 
ind J D 
The Association, which was feunded last 
nd comprises a number of companies 
nterested in the development of 
welding processes, has affiliated itself 
the Institute 1 nei the 
ion wil 
members technical ser 


the st ! srovides, and the 


nth Annual General Meeting of 
is held at the Park Lane 
when Protessor 

President in 

d. Protessor 


ollege of Aero 


develiopme 
for welding and allied pro 
tu from 19th to 26th 
19589 I ) tron will be held 
in incl 1 display ol 
uctures 
ii information can be had from 
Nederlandse Vereniging Voor Lastechniek 


Zeestraat 62,°s-Gravenhage, Netherlands 


American Welding Society 


The 40th Annual Meeting of the Amer 
can Welding Society was opened on 6th 
April at the Sherman Hotel, Chicago, Ill 
by its President, Gustav O. Hoglund, head 
of the Welding Section of the Aluminium 
Company of America Process Development 
Laboratory. The Annual Welding Show is 
held concurrently at the International 
Amphitheatre, Chicago. In his address, the 
President drew attention to the speed of 
technological progress, and said that weld 
ing had become the key to the development 
of new alloys to meet the demands of 
urcraft, missiles, and space travel 
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During the meeting, Charles I. Mac 
Guffie, Manager of the Special Products 
Department of the Air Reduction Sales 
Co., was elected President of the Society, to 
take office on Ist June. Mr. R. D Thomas, 
Jr., President of the Arcos Corporation, was 
elected First Vice-President 

The Adams Lecture was presented by 
Clarence E. Jackson, Staff Engineer for the 
Linde Company Development Labora- 
tories, Newark, his subject bemg The 
Science of Arc Welding’ 

The following awards of the Society were 
presented 

The Samuel Wylie Miller Memorial Medal 
for meritorious achievement in advancing 
the art of welding and cutting, to Dr. E. Ff 
Nippes A. F. Davis Silver Medals to John 
Mikulak, L. V. LaRou, and K. H. Koop- 
nan, for papers published in the Welding 
Journal which are considered to contrrbute 
most to the progress of welding in the field 

tructural design the opening cere 
the Meeting. James | | incoln, 
Lincoln Electric Co., was 

Member of the Society 


of the Soc 
iton-¢ 


»plember 


vzress 


Societe Francaise de Meétallurgic 


M. Paul Bastien has become 
Société Francgiase de M 
n succession to M. Pierre 

+ j j 


ce-president lg pre 


* M Leiris 
M 1 Dupuy 


kenera i ciety since | 
ition, has resigned: his successor 1s 


M. Max Dupont. M. André Sourdillon has 


been appointed to the newly created post of 


general Cx: h special responsibility 


tor exte 


M 


innual autumn meeting ol ne 
society will be held in Paris from 19th—24th 
theme of the meeting will be Gases 
but papers will be accepted on 
other subjects. Anybody imterested in metal- 
lurgical research who would like to attend 
should contact 
Societe Francaise de Métallurgie, 
25 Rue de Clichy 
Paris (9¢me) 


Course in Production Engineering 

A full-time Post-Graduate course of one 
year in Production Engineering, given by 
the Imperial College of Science and Tech- 
nology in conjunction with the City and 
Guilds College will begin in October. There 
are three compulsory subjects: industrial 
engineering, management and industrial 
administration, and statistics and statistical 
methods 

Students will also have a selection of 
courses from: dimensional metrology: 
gauging, inspection, and testing; industrial 
sociology; principles and practice of 


machining; non-metallic materials; auto- 
matic and numerical control of production 
processes; economics of production pro- 
cesses; plasticity of production processes; 
operations research, production processes 

Entrants should possess a degree or 
equivalent, and if successful they will be 
awarded the D.1.¢ 4 condition of the 
award is the submission of a dissertation on 
in industrial or technological problem 


NEWS FROM INDUSTRY 


Heat-treatment furnaces 


Barlow-Whitney Ltd., has introduced a 
new range of E-HDF electric batch fur- 
naces. These heavy duty horizontal furnaces 
are for all general heat-treatment processes 
annealing, normalizing, 


hardening 


such is stress 


relieving, vitreous enamelling, 
and tempering 

There are two basic models, one fort 
operating temperatures up to 950 ¢ ind 
the other up to 1100 ¢ 


heavy gauge 80 20 nickel-chromium spira 


in the 950 model the 


heating elements are housed in specia 
moulded carriers and operate ait normal 
mains voltage, whereas tn the 1100 model 
Strip elements step-down 
transtormer a 
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jouble 
doubie 
: ! i 
rolley d 
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Pipe cutting 
Two ne 
cutting steel { lave been introduced 


B.O.G. lightweight portable pipe cutting and 
hevelling machine 





British Oxygen Gases Ltd. One is a light- 
weight portable machine for cutting pipes 
of 4 in. dia. and over and up to 2 in. wall 
thickness. It is mounted on a four-wheeled 
trolley which is strapped to the pipe by a 
special wrap-around chain of malleable 
cast-iron which, by the removal or insertion 
of links, enables the cutter to work on pipes 
of varying diameter. The edge of the pipe 
can be square cut or bevelled up to 45 

The other is the Alyn tube profile cutter 
for accurate profiling of pipes for branch- 
work both on site and in the workshop. As 
the profile is self-generated, no marking off 
is needed, and pipe branches can be made 


. The 
iow spindle carrying a self 
1 end, and free to 
ck, to which ts attached 
motion device on which a nozzle 
ulting blowpipe is mounted 


motion ts infinitely variable from 


zero to the maximum motion for which the 


machine is designed, and will produce a 


profile on any pipe up to 4 In. dia. to suit a 
main pipe equal to or larger than the di- 
The stand- 


ul profiles for 90 


‘ter of the branch to be cut 
ard machine will c 
branches only 

Selection of the desired profile by a simple 
handwheel takes only a few seconds, and a 
3 in. dia. pipe can be cut in 40-50 seconds 

A larger machine will be available shortly 

for pipes from 5~—12 tn. dia 


New Arc Welding Electrodes 

The Welding Division of The English 
Electric Company have recently increased 
their comprehensive range of manual arc 
welding electrodes by the addition of six 
new types 

‘Pyristees’ have been developed after 
extensive creep testing for use at operating 
temperatures up to 1050°F., and being all- 
positional they are particularly suitable for 
welding steam pipes 

‘Weldees’ are ‘touch-type’ electrodes for 
welding mild steel, and they can be used 
with this technique in all positions 

*‘Manganees’ electrodes have been de- 
veloped for welding 12-14°% Mn steel 
components but they can also be used for 
reinforcement, giving a hardness of 195 
215 D.P.N. on carbon steel, which on work- 
hardening increases to 500 D.P.N 
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The *Pressurees I.P.1° electrodes are of the 
iron-powder type, and are recommended for 
the welding of deep grooves and tight fillets 
With an extremely good finish, little spatter, 
and a crack-resistant deposit, they give a 
very high deposition rate at low cost 

Another electrode ‘6011° has been de- 
veloped to comply with the American 
classification E.6011, and is particularly 
suited for the welding of pipe on site 

For conditions where cracking is a possi- 
bility—in heavy sections and restrained 
joints in mild and medium high-tensile 
steels—a low-hydrogen type of electrode 
‘Herculees 35° has been developed. It is 
suitable for welding in all positions and does 
not produce obnoxious fumes. This elect- 
rode is also recommended for welding 
sulphur which normally 
create problems of cracking and porosity in 
the weld den sit 


bearing steels 


Safety goggles 

Three new safety goggles have been pro 
duced by E. Elliott Ltd., of Birmingham 
They are designed to take replaceable 
‘Celastoid’ windows and can also be 
supplied with green 1659, green shade 6, or 
antiflash §.465 glasses 


Safety goggles by Elliotts 


Miniature thermocouple wire 

A new miniature thermocouple wire with 
an outside diameter of 0-5 mm, known as 
the ‘Thermocoax’ 2AB Ac 05, is now being 
distributed by Research and Control 
Instruments Ltd. The cores of Chromel 
Alumel are insulated by powdered mag- 
nesium oxide from the outer sheath of 
18/8 steel. The temperature range is stated 
to be 0-900°C., with an accuracy of 2°8 
up to 350°C. and of 0:75°% from 350° to 
1000°C 


Protective Paint 

The zinc-based coating known as Rust- 
Anode, made by C. & P. Development Co 
(London) Ltd., has been improved by the 
addition of an extra binder. A brush appli- 
cation of this paint deposits a 95 °,, pure zinc 
coating 0-002 in. thick, which is claimed to 
have rust inhibiting properties equivalent to 
a heavily galvanized surface 


Lighter road wheels 


Vauxhall Motors are now using a new 
type of wheel for their commercial vehicles 
The wheel disc is now arc-welded to the rim 
instead of being riveted; it is formed from a 
square blank and only four internal and 
external locating welds are needed. By using 
welding the need for a deep flange is avoided 
and there is consequently a saving in weight 
of up to 15”,. In addition, the new wheel is 
stronger and gives more clearance to the 
brake drum, which helps brake cooling 

The wheels are being produced on auto- 
matic equipment by Joseph Sankey Ltd 


This tendency towards the use of welding 
is also shown by the introduction, at the 
works of Steel Stampings Ltd., Kidder- 
minster, of Quasi-Arc Fusarc automatic 
equipment for welding together rims and 
discs 


New British Standards 


The following standards have recently 
been issued 

BS.1295:1959 “Tests for use in the train- 
ing of welders (manual metal-arc and oxy 
acetylene welding of steel)” 

This is a revised publication, comple 
mentary to standards issues in 1955 and 
1956 on tests for use in the approval of 
welders. The 47 tests have been designed to 
assess the quality of workmanship of a 
welder during preliminary training, and 
should be used only as a guide to welding 
instructors in helping them to assess the 
progress of individual trainees. (Price 10s 
with educational discount of one-third to 
bona fide students.) 

BS.1547:1959 “Flameproof industrial 
clothing (materials and design)” 

BS.3119:1959 “Methods of test for 
flameproof materials” 

BS.3120:1959 “Performance  require- 
ments of materials for flameproof clothing” 

These standards are a detailed revision 
and expansion of the earlier BS.1547, which 
dealt with flameproof industrial clothing in 
all its aspects. (Price 3s.) 


Copies of the foregoing standards may be 
obtained from the British Standards Insti- 
tution, 2 Park Street, London, W.1 


Types of joint and welds 


In using the terms ‘butt’ and ‘fillet’ for 
both welds and joints some confusion has 
arisen in the past. This has to some extent 
now been eliminated by the issue from BSI 
of supplement No. 1 to BS.499 — “Glossary 
of welding terms”’. 

This gives definitions and clear sketches 
both of joints and the form of weld that is 
used, together with details of the edge pre- 
paration used and the degree of penetration 
of the weld. 

The Supplement is obtainable, price 
4s. 6d., from the B.S.1. 





tainless steel absorption 


Stainless steel fabrication 


An absorption column, built in_ three 
sections, was recently completed at the 
works of W. P. Butterfield Ltd., of Shipley 
The illustration shows the sections ready 
for transportation to one of L.C.I.’s works 
The column when assembled has an internal 
diameter of 6 ft, and is just over 65 ft long 
It is fabricated from |, and ; in. thick 
titanium-stabilized 18 8 stainless steel, with 
the support skirt made in mild steel. The 
column is fitted internally with 45 bubble 
cap trays 


Notes for Authors 

4 comprehensive guide for contributors 
the Journals and other publications of 
v¢ Institute of Physics has recently been 
ssued by the Society. It is a revised edition 
1 an earlier booklet which has been of con- 
derable value to less-experienced authors 
f nost of the recommendations accord 
editorial practice with BW J 
s will find this booklet to be helpful 
nstructive. Copies may be obtained 
is. 6d.) from The Institute of Physics 

lgrave Square, London, S.W.1 


STUB ENDS 


incil for Scientific and Industria 
following an approach by the 


ition of Civil Engineers, has set up 


committee to review current research 


is on the fatigue of engineering struc 

res, and to survey existing research facil: 
ties. The Chairman is Professor Sir Alfred 
Pugsley of Bristo! University 
> The May issue of the Master Builde 
contains an article “Do you want welding 
or sticking? which amply shows that 
welding of pipework is not always of the 
best quality 
> The United Steel Companies Ltd. have 
i new colour film (produced for them by 
Wallace Productions Ltd.) entitled “Steel 
Town”, which deals with the close relation- 
ships between the community ol Stocks- 
bridge and the firm of Samuel Fox & Co. Ltd 
> To overcome the problem of pilfering 
from cargoes shipped overseas British Oxy 
gen Gases Ltd. have recommended the use 
of argonarc spotwelds to join the flat 
headed nails to the metal binding strips 
> The first certification mark licence under 
BS.2704 (which deals with reference blocks 
for checking ultrasonic testing equipment) 
has been recently granted to the Ultrasono- 
scope Co. (London) Ltd 
> A Steering Group on Space Research has 
teen set up under the auspices of DSIR, with 
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Sir Edward Bullard, F.R.S., as Chairman 
P An Anglo-American company, Nuclear 
Equipment Lid., has been set up by Savage 
& Parsons Ltd., of Watford, and General 
Mills Inc. of Minneapolis, to specialize in 
the design, manufacture, and marketing of 
remote-controlled nuclear handling appara- 
tus. The company has its head office at 
Otterspool Way. Watford 

> Alter serving thirty-three years with the 
John Thompson group of companies at 
Wolverhampton, Mr.G. A. Plummer, a main 
board director since 1955, and a director 
of John Thompson Water Tube Boilers 
Co. for the past twenty years, has retired 
>» An agreement has been signed between 
North American Aviation § Inc acting 
through its Atomics International Division, 
California, and The English Electric Co 
Ltd. of London. It provides for collabora- 
tion between the companies in the field of 
organic liquid-cooled reactor systems 

> The Board of Directors of Davy-United 
have proposed a new group organization 
aimed to provide a certain degree of de- 
centraiization necessitated by the increasing 
growth of the Company. This will result in 
the Davy and United Engineering Co. Ltd 
becoming the Holding Company of the 
Group, with the new name of Davy- 
United Ltd. The first two subsidiary com 
panies will be Davy and United Engineering 
Co. Ltd., comprising the Darnall Works, 
the Bridgeton Works, and the Construction 
Division, and a new company Davy and 
United Instruments Ltd., which will under- 
take the work handled in the past by the 
Instrument Division at Sheffield 
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Current 


WELDING LITERATURE 





Book Reviews 


{dditions to the Institute Libra) 


Trade Publi arions 


CONTENTS OF PERIODICALS RECEIVED 


current 
Welding 


This section is intended to give a survey of the 
welding literature the Institute of 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 
from other journals and short notes are generally exclud- 
ed. In addition, welding articles from other per 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 
Processes, published by the International Institute of 
Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


received by 


vdicals 


Welding Journals 


{ustralian Welding Journal, 1959, vol No. 


January 


Welding structural steel—a progress report (7-11) 

Low-head welding of aluminium, B. Cliffe (12-15) 

The welding of alloy steels, J. W. Shedden (18-21) 

Standards for the welding industry ( Australian) (24-26) 
Welding technique development with gas-operated hot blast 
torch (B.B.S., Bristol) (28) 


Journal of the 28, 


February 


Japan Welding Society, 1959, vol 


The evolution of high-tensile weld metal with low hydrogen 
electrode, H. Tamura (8-14) 

Effect of thickness of structural ultra thick steel plates on their 
weldability, T. Yoshida and others (15-21) 

Studies of non-metallic inclusions in basic weld metal, part 5, 
H. Sakaki (22-24) 

Welding conditions of steels and cooling time near the fusion 
line (part 4), M. Inagaki (25-30) 

On the carbon dioxide-Sekiguchi’s filler wire-arc 
process, part 11 (36-39), part 12 (40-47), H 
I. Masumoto 

Crack-starter impact bend test, H 
(48—S4) 


welding 
Sekiguchi and 


Suzuki and N. Ogura 


25, March 
Kerkhof 


Lastechniek (The Netherlands), 1959, vol 


Design against excessive plastic deformation, W. P 
(48-58) 


La Pratique du Soudage (Belgium), 1959, vol 
March and April 
Several applications of welding the permanent way of railways 
and tramways, Vanderberghen (53-59, 71-78) 





Schweisstechnik (Germany), 1959, vol. 9, March 


Effect of the preparation of bonding surface for metal spraying 
on the fatigue strength of machine components, V. Linhart and 
E. Kretzchmar (83-89) 

The improvement of surface preparation and its influence on 
the adherence of the sprayed metal, E. Nadasi (89-92) 
Investigations of the downhand welding in the vertical position, 
G. Miller, R. Reis and H. Fuschss (93-96) 

Economic problems relating to the welding of aluminium, 
H. Birke and G. Wohllebe (97-99) 

Treat gas cylinders with care, W. Globke (104-105) 


Schweisstechnik (Germany), 1959, vol. 9, April 
On the brittle fracture behaviour of carbon steel welds with 
decomposition zones, F. Erdmann-Zernitzer (115-120) 
Submerged arc welding with small gauge wire, A. Weisselberg 
(120-125) 
Submerged arc welding saves DM 250,000, part 1, f 
(126-129) 


Jagel 


The present situation and application of carbon-dioxide- 
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Murex “Muraflux A’’ 
submerged-are welding flux 


High quality is essential in the weld metal of thick plate for nuclear power vessels 
and similar applications. This high quality can now be obtained by automatic 
methods using the new “ Muraflux A” granular flux and the submerged-arc process. 
Excellent Charpy impact results at sub-zero temperatures and good elongation 
figures in welds in 3 inch thick steel piate can be produced by using “ Muraflux A” 
with Murex “ Murawire W2.” The ultimate tensile strength of the weld metal 
matches that of the parent plate and its radiographic quality is sound. 


This high quality can be combined with high production speeds when the new 
Murex “ Muramatic” automatic welding equipment is used. In short, Murex 
““Muraflux A” granular flux, ““Murawire W2” filler wire and the “‘Muramatic” 
machine provide a complete service for the automatic welding of thick plate by 
the submerged-arc process. Please write for full details. 


A complete service for automatic welding 
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can compete with WELDING 30-300 amps. 
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William Galilee Esq. | authorised 

Sentinel House, Crawhall Rd., Newcastle-on-Tyne I dealer 

WEST OF ENGLAND “ae 

Bristol Plant Hire Ltd., Bath Road, Bristol 4 I oe 
ndustries 

SOUTH WALES for 

Messrs. O. L. Davies illustrated 

Baglan Plant Depot, Port Talbot, Glam leaflet 

SCOTLAND and prices 

Messrs. Arc Manufacturing Co. Ltd. 

Actare Works, Nitshill, Glasgow S.W.3 

NORTHERN IRELAND 

Robert Heslip Esq. 

2-6, Georges St., Ravenhill Road, Belfast 

EIRE 

Messrs. Welding Services Ltd 

14a, Amiens Street, Dublin, Eire 





WIRE FOR ELECTRODES 


WELDING INDUSTRIES LIMITED 


Blackswarth Road, Bristol 5 


Richard Johnson & Nephew Lid « Manchester 11 Phone 5-8408 


Tel.: EAST 1431 
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flexuous 
fiexible 
and tough 


In other words — and in any length the job demands 
— Mersey Welding Cables are very strong and very 
supple, and therefore completely satisfactory for all 
welding operations. 

They can be slung, hung or simply dragged — with 
the maximum of ease and manageability — over the 
roughest, toughest surfaces with no risk of damage to 
the hardy, resilient rubber sheathing and with the 
greatest freedom of movement for the welder himself. 

With conductors of copper — or aluminium for extra 
lightness —and insulation of Vulcanised Rubber cr 
P.V.C., they are cables of the highest quality produced 
at most competitive prices, backed by very considerable 
know-how and many years’ experience of this particular 
industry. 


Mersey Cables 


fiexile 


All popular types of ‘flexibles’ are held in stock for immediate delivery ; 
for more about these—and ‘distributors’ too— write for Leaflet No. 1 /103 


MERSEY CABLE WORKS LIMITED _ tiverpoot 20 
a @ COMPANY 


JULY, 1959 








The welding Enginee™: 
All Companie®, 
Great Britain. 


Dear Sir, 
Today “© change ©UF name: 


After twenty- 51* years 4° the leading producer of the highest 
quality Arc welding Electrodes and allied products» we felt that 
our name did 2 
activities» and } a ope ration 
with our sister i thr hout the 
world, the new style of 


The change is a change in nam : the same pirectors and 
staff, assisted by additional i i omatic welding: 
Gas Cutting and Flaw Detection fi 

supply .@) give Y stic and 

pe reonal i h has e® i i osition a® 
part of the Arc welding Elect 

Organisation in the world. 


Yours faithfully . 


an 


tL. A. b 
Manag i28 pire 





FORMERLY 


WELDIN 
secadann SUPPLIES LI 
LTD c | L acturers of OK El MITED 
GILLINGHAM ectrodes at 


ams : Esabok 





ngham, Kent 
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SATURN 


JULY 


1959 


Saturn Industrial Gases Ltd., are proud 


to have supplied industrial gases for use 
in fabricating these huge heat exchangers 
for Bradwell nuclear power station. More 
and more big projects are making use 
of the SATURN SERVICE for gases and 
equipment. Pyrogas, high 


purity argon 


Gordon Road, 


BRANCHES: 
GLASGOW 
LYMINGTON 


BIRMINGHAM 
SUNDERLAND -: 


and nitrogen and ‘B.G.T.’ equipment are 
distributed through all our branches. 
Three new models of the SATURN-HIVOLT 
surge injector 
also 


argon arc welding units 
available. Contact your 
nearest SATURN branch for details of our 


delivery and maintenance services. 


are now 


INDUSTRIAL GASES LTD. 


Southall, 


MANCHESTER: SHEFFIELD 
THORNABY-ON-TEES 








150 ft. HIGH STEEL CHIMNEY 
for South America 


To Venezuela BOOTHS of BOLTON 
have recently shipped a 150 ft high 
steel chimney stack to be erected at a 
Power Station for C.A. Energia 
Electrica de Venezuela. Some of the 
sections of this self-supporting stack 
assembled at Hulton Lane for proving 
before shipment are seen in this 
photograph. Overall height, 150 ft; 
diameter, 10 ft 6 in.; lower 70 ft 
length widening to 17 ft diameter at 


base. Weight 52 tons. 


“muy Steelwork by 


Y, 
SPEED? YOUR 
PROGHAMME 


Build 
in Steel | 
wun 


Now readily ave 





PROLOR Es 


JOHN BOOTH & SONS (BOLTON) LTD., 


Hulton Steelworks, Bolton Telephone Bolton 1195. London office: 26, Vict t estminster S.W.1 Tel. ABBey 7162 








30 FT 
HEAVY STEEL ROLLS 


CAPACITY AVAILABLE 


Steel plates rolled any segment up to 


half cylinder, max. lengths, 30 ft in plate up to 14 in. thick 
Cones and frustums developed and fabricated 


Formed plates supplied prepared for welding or 


completely welded 


Any type of fabrication undertaken steel or alloy, 
bar furnacing, bending, bevelling, electric welding, 


plate pickling, etc 
Marine structures up to 160 ft in length 


Keen prices, prompt deliveries 


W. A. PHILLIPS, ANDERSON & CO. LTD. 


WEST HARBOUR ROAD, GRANTON 
EDINBURGH 5 





for Bridges, Factories, Power Stations, 
Garages, Stores, Schools, Steel } ireproof 
Doors and Rolling Shutters, Steel and 
Glass Partitions 


Change of Address 


As from July Ist, the address of 

the advertisement department of 

THE BRITISH WELDING JOURNAL 
will be 

54 PRINCES GATE 
EXHIBITION ROAD 


LONDON SW7 


Telephone: KNightsbridge 8556/7 
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WIN THE BATTLE OF THE BURR BY USING... 


PNEUMATIC TOOLS 





B. O. MORRIS LTD., MORRISFLEX WORKS, BRITON ROAD, COVENTRY. TELEPHONE 53333 (PBX) 


JULY, 1959 31 





its a complete fabricatio 


Thos. Marshall construct—steel and copper 
fabrications of every kind, and every 

degree of complexity. 

High class workmanship under strict 
supervision and control give finished products 
of high quality. 





& SON 


1 Thos. Marshall 


LTD. 





GALVANIZERS TO THE 
Wellington Bridge, Leeds 12. 
(Tel: 32186- 5 lines) 


Grams: Cisterns, Leeds 12. 


TRADE 
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Solve your 
production problems 


with Philips AUTOMATIC CO, bare wire 


welding process is now available for 
Ow A Li p< immediate delivery in Britain. 

With this machine you can speed up 

bare wire mass production of welded parts, 

for example main chassis members, 
bottied gas cylinders, car wheels. 
And you can get welds protected from 
nitrogen and hydrogen by an 
atmosphere of CO, — which costs 
only a fraction of the price of 
argon. The absence of coating reduces 
the absorption of hydrogen, too. 


CO2 welding machine 


Welds very wide range of steel grades. 
Needs no stocks of expensive powders. 
Cuts labour costs by welding faster, 
requiring little attention in repeat 
operations. 

Welds are homogeneous 

with deep and even penetration. 

Arc is self-regulating 

Nitrogen and hydrogen content low 
— no nitrogen porosity. 


Philips Automatic CO, 
welding machine 


provides automatic wire and CO, feeds 
Travelling carriage moves along rails 
at speed set by operator. Water-cooled 
nozzle independent of main water 
supplies. Single control lever engages 
wire feed, switches on carriage 

motor and are. 


Component parts and finished vehicle 
chassis side member welded by Philips 
CO, proces;. (Photo by courtesy of John 
Thompson Motor Pressings Ltd.) CO, welding, and about Philips 


For further information about Philips 


Automatic welding machine (a product 
of N.V. Philips, Eindhoven) write to: 


PHILIPS ELECTRICAL LTD 


INDUSTRIAL EQUIPMENT DIVISION 
Century House, Shaftesbury Avenue, London WC2. GERrard 7777 


(PIO311) 


inside back cover 





FOR BRIiTISnu iINOUS TRY 


Always ask for Mh 


“ALDA” 


rods and fluxes 


BRITISH OXYGEN SUPPLY ALDA 
the famous range of rods 

and fluxes. And a complete range 

if welding accessories— 

from goggles and gloves 

to friction lighters and wire brushes 
ALWAYS ASK FOR ALDA. 


Write for tully illustrated literatur 


*ELOING FLut 


BRITISH OAYGEN 


British Oxygen Gases Ltd., industrial Division, Spencer House, 27 St James's Place, London, S.W.1. 


Outside beck cover 
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